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Abstract 
 
 
 
Effective use of nutrition information is an important method of preventing or managing 
diet-related diseases. However, it is difficult to effectively communicate information to those in 
need when decision making occurs. Methods of simplifying nutrition information exist to help 
users interpret nutrient content of foods; those which present specific information for individual 
nutrients and interpret their content with color-coding are the most preferred by users and the 
most effective with regard to improving user understanding of nutrition information. However, 
this approach does not lead to changes in consumer behavior when implemented in realistic 
settings. The goal of this research was to develop a method of presenting nutrient-specific 
information for multiple nutrients and color-based reference information in a format that is 
effective at influencing behavior in realistic settings. A secondary goal was to design the method 
to guide users toward healthful food choices and balanced meal formation rather than emphasize 
which foods to avoid. We hypothesized that presenting nutrient content of foods graphically 
relative to a target recommendation would improve the ability of users to process that 
information under time constraint to improve its usability for decision making. 
As a first step, a graphical method of presenting nutrition information two-dimensionally 
was developed within the scope of weight management which plots shows fiber per calorie on 
the x axis and protein per calorie on the y axis, with a target in the center of the plot representing 
recommendations for these nutrients. Validity of nutrient selection, criteria, and presentation of 
the method in achieving its objectives are tested. The method was shown to be able to 
differentiate beneficial foods to include in the diet from foods whose intake should be limited, 
visualizing many dietary recommendations such as decreasing intake of discretionary fats and 
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added sugars, choosing lean proteins, low-fat dairy, fruits, vegetables, and whole-grains, and 
choosing whole fruits over fruit juice. In addition, plotting nutrient content per calorie allows for 
visualization of how foods combine to form a meal to help users understand nutrient content in a 
balanced meal context.  
To determine if presenting nutrition information graphically instead of numerically 
allows users to more effectively process that information under time constraint, a cued-recall 
experiment was conducted. University students (n=63) were presented fiber and protein content 
of foods either numerically or with the graphical method for 15 seconds per food and asked to 
recall nutrient content after completion of the test via survey. Graphical presentation of 
information improved recall by up to 43% compared to recall of those shown numeric 
information, suggesting the graphical method was effective at communicating the desired 
information in a time constrained situation. 
To determine if this advantage can lead to changes in consumer food choices in a realistic 
setting, a cafeteria field experiment was conducted to determine the impact of signposting 
nutrition information graphically at the point of purchase on diner choices. Nutrient content of 
diner meals (n=362) was compared between periods of nutrition signposting using the graphical 
method, nutrition facts panels (NFP), or no nutrition label. Surveys were collected to determine 
predictors of nutrients purchased and consumer understanding of the tool. Graphical signposting 
improved nutrient content of purchased meals in the intended direction while NFP had no effect 
compared to baseline for measured nutrients.  Calories ordered from total meals, entrées, and 
sides were significantly less during graphical signposting than the no label period (16%, 7% and 
52% decrease, respectively) and NFP period (20%, 14% and 57% decrease, respectively). 
Graphical signposting remained a predictor of calories purchased in regression modeling and was 
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well understood by diners. These results indicate that consumers can make healthy food purchase 
decisions based on nutrition information when it is presented two-dimensionally to facilitate time 
constrained food comparisons. 
Finally, the method was developed into a software tool usable for applied settings, such 
as dietary counseling, and formative evaluation of the tool was conducted in a potential target 
market of health educators. The goals of this stage of work were to 1) determine the value of the 
software tool to the target end users and 2) identify how the prototype can be improved to create 
a workable application that is able to be used for larger scale studies. Local practicing health 
educators (n=8) were recruited to test the software features. Formalized quantitative and 
qualitative feedback was collected via a survey, which included questions targeting usability 
(user interface, data entry, profile tools, navigation) and functionality (usefulness of current 
features, improvements to be made, helpful features not currently present on the software). The 
primary features of the software, such as plotting nutrient content graphically, color coding of the 
graph, and visualizing meal formation, were highly rated by users. Data entry/retrieval and a 
graph to monitor weight were the most consistently disliked and difficult to use features. 
Qualitative feedback provided specific direction in how to improve the software. 
This work is one of the first to demonstrate an effect of simplified nutrition information 
for multiple nutrients on consumer behavior in realistic, time constrained settings. The findings 
support the method of graphically presenting quantitative information of two nutrients and 
interpreting that nutrient content using color-coding and a target recommendation focused on 
balanced meal formation.  
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Chapter 1: Introduction 
 
 
 
Diet-related diseases are prevalent in the United States, including obesity, diabetes, heart 
disease, and cancer (1). Managing intake of specific nutrients is a primary method of treating or 
preventing these diseases; the World Health Organization suggests 90% of type 2 diabetes 
mellitus and heart disease and 30% of cancers could be avoided by an adequate lifestyle, which 
nutrition is a large part of (2). However, nutrition information must be effectively communicated 
to those in need at times when decision making occurs to effectively aid management of nutrient 
intake. While nutrition information is required to appear on food packages in many countries to 
help consumers make informed health-related decisions (3, 4, 5), the majority of consumers 
show difficulty in understanding and using this information (6).  
One explanation for the lack of effectiveness of nutrition labeling is the reliance on 
numerical information, which is difficult for consumers to process for decision making (7, 8). 
While reference values such as percent daily values or recommended daily amounts exist on 
labels to help put information into the context of what constitutes a healthy diet, it is difficult for 
users to apply this quantitative information (9). In addition to the available nutrition information 
being in a format which is difficult for many consumers to utilize, use is negatively associated 
with time pressure and most food decisions occur in time constrained settings such as grocery 
shopping or dining out (6). Thus, it is not surprising that the information leads to only modest 
effects in a situation where other factors such as taste, price, or convenience can supersede the 
importance of nutrition (10). 
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A variety of methods of simplifying nutrition information exist to help users more 
quickly and easily evaluate the healthfulness of foods. While many approaches exist, it seems 
methods which interpret content of specific nutrients within a food are overwhelmingly preferred 
by users and most effective in helping consumers assess levels of nutrient within a food or 
identify the healthiest choice among several food options compared to methods which attempt to 
summarize the overall healthfulness of a food with a logo or numeric rating (11). Unfortunately, 
few studies determine the impact of introducing nutrient-specific methods of simplified nutrition 
information into realistic settings. There is some evidence showing an impact of interpreting 
content of single nutrients within a food using color coding on behavior in realistic settings, such 
as calories (12) or sodium (13). However, when nutrient-specific information is shown for two or 
more nutrients, there is no impact on behavior (14, 15). These findings suggest that despite the 
ability of nutrient-specific simplified nutrition information to improve understanding of food 
nutrient content, it is not presented for multiple nutrients in a way that facilitates and/or 
motivates time constrained, health-related decision making.  
The overall objective of this dissertation was to identify a method of presenting nutrient-
specific information for two or more nutrients that is effective at improving behavior in realistic 
settings. To achieve this goal, a graphical method of presenting nutrient content per calorie 
alongside a target recommendation was developed; a scope of weight management was selected 
for the purposes of the work presented in this dissertation. This developmental work is discussed 
in Chapter 3, including the nutrient selection, criteria, and specifications for plotting nutrient 
content graphically. This developmental work also explores the ability of the method to visualize 
food comparisons and communicate dietary guidelines relevant to weight management. The 
objective of the work presented in Chapter 4 was to determine the ability of the graphical method 
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to effectively communicate nutrition information under time constraint using two studies. The 
objective of the first study was to determine if graphically presenting nutrition information 
allows users to more effectively process that information under time constraint than when it is 
presented numerically. We hypothesized that graphically presenting nutrition information would 
improve recall accuracy of the nutrient content of foods compared to a numeric presentation. The 
objective of the second study was to determine if signposting nutrition information at the point of 
purchase using the graphical method led to changes in purchasing behavior of consumers. We 
hypothesized that graphical signposting would lead to purchases of foods more highly rated on 
the nutrition plot compared to baseline sales or sales when information was posted numerically 
using nutrition facts panels. Finally, the work in Chapter 5 describes development of a software 
application based on this graphical method of visualizing nutrition information to be used by 
health educators to aid communication of dietary advice.  An early software prototype is then 
tested among a panel of practicing health educators. The objective of this work was to gain 
feedback regarding the potential usefulness of the software in its target market and to determine 
areas of improvement to guide development of refined software to be used for large scale testing. 
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Chapter 2: Literature Review 
 
 
 
In the United States, nutrition information is required to appear on food packages in the 
form of the Nutrition Facts Panel (NFP) (3). Similar systems are used in Canada (4) and the 
European Union (5). The goal of these methods is to provide adequate information to support 
informed health-related decision making, which has been successful to varying degrees. Label 
users have been shown to have modestly improved dietary intakes of nutrients including calories, 
total fat, saturated fat, sugar, and fiber, with up to 2% of total intake of a nutrient associated with 
food label use, alone (16). The NFP is shown to be most effective for those who are well-
educated, earn relatively high incomes, or are female (9). However, the majority of consumers 
show difficulty in understanding and using this nutrition information (6). It has been found that 
individuals who consume higher amounts of nutrients to limit in the diet, such as saturated fat or 
cholesterol, are less likely to look for content of those nutrients on the label, while consumers of 
low income and education are less likely to search for nutrition information at all (17). 
Consumers who do look at labels show increased difficulty in understanding and using the 
information provided as task complexity increases (6).  It is especially difficult for users to apply 
nutrition information to a healthy meal or diet context (6) despite the nutrition labels attempting 
to put information into a diet context by showing nutrient content of a food as a percentage of 
daily recommendations, such as the Percent Daily Value in the US or Guideline Daily Amounts 
in the UK. 
To assist consumers in using nutrition information to guide informed decision making, 
methods of simplifying nutrition information have emerged in recent years. While there are 
many approaches taken, most fall into one of three general categories: summary indicators, 
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nutrition indices, and nutrient specific methods (18). Examples of each are shown in Figure 2.1. 
The diverse nutrient criteria and health goals for methods falling into each of these three general 
categories are shown in Table 2.1.   
Summary indicators 
 Summary indicator methods communicate the healthfulness of a food by the presence or 
absence of a check or symbol indicating whether or not a food has passed a set of nutritional 
criteria. Examples include the Choices Programme checkmark logo (19) or the Nordic Keyhole 
symbol (20). Summary indicators are typically binary in that a food either meets the criteria and 
carries the indicator or does not meet the criteria and does not carry the indicator, although 
methods such as Guiding Stars use a tiered approach (21). As seen in Table 2.1, summary 
indicators attempt symbolize the overall healthfulness of a food rather than its content of specific 
nutrients; for example, a goal in the development of the Smart Choices system was to “promote 
optimal health and reduce diet-related chronic diseases” (22). As a result, despite the front-end 
simplicity of summary indicators, the criteria which determine if a food carries a symbol are 
typically quite complex; methods which attempt to symbolize comprehensive nutrition quality of 
a food, such as Smart Choices or Guiding Stars, consider ten or more nutrients in their criteria 
(Table 2.1). More targeted methods, such as the Pick the Tick system or the American Heart 
Association Check, consider fewer nutrients but still attempt to communicate the content of five 
or more nutrients using one summary symbol (23). Furthermore, summary indicator criteria are 
often individualized for many different product categories since they typically evaluate nutrient 
content on a threshold-basis and different categories of products have varying levels of nutrients 
typically found in them (e.g., foods compared to beverages). The number of variations in criteria 
for different product categories for the summary indicators presented in Table 2.1 range from 5 
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to 27. Thus, the complexity of criteria used to determine if a food can carry a summary indicator 
is further increased. 
An advantage of these complex criteria is that they allow the summary indicators to 
represent many aspects of a food’s healthfulness with one simple mark. A study comparing 
consumption of foods meeting criteria for the 2014 America Heart Association (AHA) Heart-
Check and overall diet quality using dietary intake data from the NHANES 2007-2010 found that 
increasing intake of foods meeting AHA criteria as a percentage of calories was positively 
associated with diet quality (24). Specifically, those consuming the most AHA certified foods 
had the highest Healthy Eating Index 2005 scores, which is a validated measure of diet quality 
(25), and had a lower risk of obesity and metabolic syndrome (24). Similarly, there is modelling 
research done in support of the Choices Programme which shows that increased consumption of 
Choice compliant foods would lead to dietary intakes that shift in a beneficial direction for the 
nutrients of interest of the Choices Programme (saturated fat, sodium, sugar, and fiber) (26) and 
potentially for additional nutrients not included in the Choices criteria, such as calcium and fat 
soluble vitamins (27). 
While these studies highlight the potential of summary indicator criteria and nutrient 
selection to be a comprehensive representation of food healthfulness with a simple logo or check, 
it is important to note that they do not reflect the usefulness of summary indicators to the 
consumer. Indeed, a potential disadvantage of the summary indicator approach is the stark 
contrast in complexity between the simple front-end seen by the consumer and the complex 
back-end criteria. The nutrients contributing to the summary indicator are not transparent to the 
consumer, meaning the approach offers no further interpretation for users comparing two or 
more foods which each carry the checkmark. An additional limitation is the design scope of 
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summary indicators; the logos are often intended to help identify healthier products within a food 
group (20), which is reflected by the variation in criteria for numerous product categories (Table 
2.1). This variation in criteria for different product categories and lack of transparency to the 
consumer may make summary indicators difficult to use when comparing foods across 
categories. Finally, the lack of transparency could be problematic in food purchasing guidance 
for consumers following diets to help manage a specific health condition, as it has been found 
that these individuals primarily seek nutrient information specific to that health condition (28).  
Nutrition indices 
Nutrition indices use complex algorithms, which include both nutrients to increase and 
nutrients to limit in the diet, to provide a numerical summary score for users. Currently, the most 
prominent indices include the Overall Nutrition Quality Index (ONQI, commercial name 
NuVal®) and the Nutrient Rich Foods Index (NRF). As seen in Table 2.1, the goals and 
complexity of criteria of these indices are similar to those of many summary indicators; a large 
number of both nutrients to increase and limit in the diet are considered in the criteria to support 
the health focus of improving overall diet quality. However, the NRF and ONQI have 
overarching criteria that fit all foods rather than modified criteria for many different food product 
categories. In addition, an index presents a range of scores based on the degree to which the 
nutrients within a food meet the criteria of the algorithm rather than using the presence or 
absence of a single logo. 
The Nutrient Rich Foods Index rates foods based on their content per calorie of nine 
nutrients to increase in the diet and three nutrients to limit in the diet (NRF9.3). This selection 
was validated against four other algorithms in the development of the NRF: an algorithm 
including nutrients to limit only (LIM; saturated fat, added sugar, and sodium) and algorithms 
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which considered 6, 11, or 15 nutrients to include alongside the nutrients to limit (NRF6.3, 11.3, 
or 15.3) (29). In the validation study, the NRF9.3 had the greatest association with Healthy 
Eating Index scores based on dietary intake data from the NHANES 1999-2002 (R
2 
of 0.453 in 
linear regression analysis), suggesting that considering nutrients to limit alone is not enough to 
represent overall diet quality and additional nutrients included over the nine in the NRF 9.3 do 
not provide additional utility to predict diet quality. The same study also evaluated NRF scores 
based on nutrient content of food per serving size (Reference Amount Customarily Consumed; 
RACC) rather than per calorie content and found that algorithms using either baseline had 
similar levels of association with the HEI (29). However, a calorie baseline was selected to be 
used for future work with the NRF, as this baseline offers more widespread comparisons to be 
made using the algorithm since serving sizes vary between product categories and from country 
to country. 
The Overall Nutrition Quality Index considers 25 nutrients or food components to 
calculate a score for a food, ranging from 0 to 100. The nutrients and algorithm were developed 
by a panel of multidisciplinary nutrition and public health experts based on literature review and 
expertise of the panel for what constitutes a healthy diet (30). Validity of the algorithm was 
determined by comparing ONQI rankings of a list of foods to rankings manually assigned to the 
same foods by the expert panel. Once the criteria were deemed valid by the panel, the ability of 
the ONQI algorithm to distinguish high diet quality from low diet quality was determined. The 
ONQI scores for a healthy diet, based on a sample menu for the DASH diet, were significantly 
higher (46 out of 100) than ONQI scores for the standard American diet using NHANES 2003-
2006 dietary intake data (26.5 out of 100), which showed that the healthy diet received a 
significantly higher rating (46 out of 100) than the standard American diet (26.5 out of 100) (30). 
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In addition, ONQI scores showed a significant positive association with Healthy Eating Index 
scores of individuals from the 2003-2006 NHANES survey (R
2
 of 0.293 in linear regression 
analysis) (30). It is of note that despite the increased complexity of the ONQI algorithm 
compared to the NRF, the association with HEI scores was higher using the NRF9.3 than the 
ONQI (both models were adjusted for sex/gender, age, and race-ethnicity).  
Indices share an advantage with summary indicators in that the complexity of their 
criteria allow accurate representation of a food’s overall healthfulness relative to a healthy diet. 
Indeed, average ONQI scores of individuals are inversely associated with risk of chronic disease 
and all-cause mortality, supporting the measure’s utility in assessing impact of the diet on overall 
health (31). In addition, indexes overcome a weakness of summary systems in that they offer 
many potential ratings for foods rather than being binary and have overarching criteria rather 
than food category specific criteria, increasing the utility for food comparisons. However, the 
lack of transparency still leaves consumers unaware of what nutrients in the food are contributing 
to the rating since as many as 25 nutrients or factors can contribute to a rating (Table 2.1). As a 
result, it may be difficult to use such a system to meet specific nutrient goals. 
Nutrient specific methods 
Nutrient Specific methods aim to help consumers interpret nutrient values by calling to 
attention the content of select nutrients in a food to help the consumer understand which may be 
of most importance. Some of these methods, like Facts Up Front (32), offer no further 
interpretation of nutrient content than the Percent Daily Values seen in the Nutrition Facts Panel, 
while others like the Traffic Lights system color code each nutrient depending on whether it is 
low (green), medium (yellow), or high (red) in a food. A single traffic light system interprets 
nutrient content of one nutrient in a food, while a multiple traffic light system (MTL) interprets 
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content of more than one nutrient. Due to presenting information for each nutrient of interest 
rather than a single logo or score, these methods consider fewer nutrients than summary indicator 
or index criteria (Table 2.1).  
Ad advantage of the approach taken by Facts Up Front or Percent Guideline Daily 
Amounts (GDA) is that information for each nutrient which may be of interest in a food is 
provided to support informed decision-making rather than interpreting the entire healthfulness of 
a food. While this level of complexity may require more effort to utilize by the consumer than a 
summary indicator or index, the transparency provides utility for a wide variety of food 
comparisons and allows those searching for food content of specific nutrients to identify that 
information. However, there are several limitations for this type of approach. First, information 
is presented on a per-serving basis which is not standard between countries or between brands in 
certain countries. In addition, the only interpretation offered for the user is the level of nutrient in 
a food serving as a percentage of recommendations, but it is not clarified whether the 
recommendation is a percentage to be met (e.g. vitamins or minerals) or a percentage to limit 
(e.g. sodium, saturated fat).  
The MTL method of interpreting nutrient-specific information with color coding is the 
most established, especially in European countries. It is required to provide information for 
energy, total fat, saturated fat, sodium, and sugar per 100 grams, milliliters, or per portion of 
food, the content of each nutrient as a percentage of Reference Intakes (RI), and color coding of 
the nutrient based on the applicable criteria; the descriptors “high”, “medium”, or “low” may be 
used but are not required. (33). Separate criteria exist for foods and beverages. Criteria 
determining if a food is high, medium, or low in a nutrient were determined based on dietary 
recommendation boundaries from the United Kingdom Scientific Advisory Committee on 
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Nutrition (SACN) (34). Single traffic light criteria vary from study to study depending on setting 
and which nutrients are selected (Table 2.1).  
Nutrient-specific methods provide less interpretation for the user than summary 
indicators or indexes but are transparent, interpreting a small number of nutrients relevant to 
disease prevention and providing consumers with information needed to make decisions for each 
independently. However, the colors may be misinterpreted by consumers and it may be difficult 
for consumers to summarize all four nutrient ratings to make a purchase decision (35). In 
addition, these methods typically focus on nutrients to limit in the diet such as fat, saturated fat, 
sugar, and salt (34). While research suggests that nutrition label use has the greatest associations 
with intakes of calories, fat, sugar, and saturated fat (16) and the most commonly sought 
information on nutrition labels is primarily that of nutrients to limit in the diet (9), the emphasis 
on nutrients to decrease in the diet may not be appropriate for all consumers. A study utilizing 
conjoint analysis to determine which of twelve nutrients to increase or decrease in the diet 
contribute to the perception of healthfulness of foods by consumers reveals that presence of 
protein, fiber, calcium, and vitamin C had strong utility to consumers while saturated fat and 
sodium only influenced healthfulness perceptions of food when they were entirely absent from a 
product (36). Furthermore, it is important to consider nutrients to increase in the diet as well as 
those to limit to most accurately assess health quality, as discussed above (29). While the 
nutrient-specific methods provide transparency to users, the requirement to interpret content of 
each nutrient of interest in a food precludes incorporation of an all-inclusive list of nutrients to 
represent overall diet quality.   
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The variance in nutritional criteria and presentation of information provide strengths and 
weaknesses to each method. Thus, it is critical to evaluate each method’s effect on consumer 
preference and understanding, performance, and ultimately behavior.  
Which method do consumers prefer? 
Evidence from a recent review by Hawley et al. in 2014 suggests that consumers most 
commonly prefer color-coded nutrient specific systems, although preference varies by country 
(37). Studies published since the Hawley et al. review support the conclusion that color coded, 
nutrient-specific methods such as the MTL are more highly perceived by consumers than 
summary indicators, indices, or nutrient-specific methods without color coding (Table 2.2). Of 
the eight studies which measured user perception or preference for simplified nutrition 
presentations included in Table 2.2, six show a preference measure which favors nutrient-
specific, color coded information (13, 15, 38-41). The remaining two studies found color coded, 
nutrient-specific information to be equally preferred to nutrient-specific information without 
color coding, with both being more highly perceived than summary indicators (42) or preference 
to be equal among nutrient-specific methods with or without color coding or a nutrition facts 
table, with all three presentations being more highly perceived than indices ranging from 1-5 or 
0-100 (40). 
Thus, despite the relative complexity of using nutrient-specific methods compared to 
summary indicators or indices, it seems users overwhelmingly prefer transparency when rating 
food healthfulness. In a study comparing consumer perceptions of simplified nutrition 
information including Guideline Daily Amounts and Traffic Light (nutrient specific), NuVal® 
(index from 1-100) and My-5 (index from 1-5), participants who were shown index systems 
ranked the level of detail and ease of finding information significantly lower on average than 
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participants shown nutrient-specific systems or the nutrition facts table (43). The traffic light 
system was ranked the most visually appealing and easy to understand in the same study. 
Similarly, the MTL approach was viewed as more informative than two summary indicators, 
color coded information for a single nutrient, or a graphical representation of a nutrient index in 
a study determining user-acceptability of these simplified nutrition methods (40). When MTL 
methods were compared to Facts Up Front methods, it was found that numeric information for 
both nutrients to limit and include in the diet (six total nutrients) without color coding was rated 
as the most confusing and time consuming method of presenting information, although there was 
no difference between Facts Up Front displaying only four nutrients or MTL with four or six 
nutrients (38). Overall, the results from these studies suggest users prefer to use content of 
specific nutrients to make their own inferences about the healthfulness of a food rather than have 
it summarized with a logo or a number. Despite the ability of summary indicator criteria to 
comprehensively account for many aspects of a food’s healthfulness, the binary nature may 
oversimplify a food’s healthfulness. In a study measuring which was the preferred labeling 
scheme between summary indicators and nutrient-specific methods with or without color coding, 
over 70% of participants thought either nutrient-specific method could help them compare foods 
either within a food category or between food categories while less than half of participants 
thought summary indicators would help food comparisons within or across food product 
categories (42). 
Which method is most effective at improving understanding of nutrition information? 
The methods used to measure understanding of simplified nutrition information are 
diverse. Outcomes range from consumer understanding of a nutrient content being high or low in 
a food to comparing foods in the context of a healthy diet (44), which reflect the large diversity 
 14 
 
in purposes consumers may use simplified nutrition information for but make studies difficult to 
compare. A recent review By Hersey et al. revealed that six of ten studies comparing nutrient-
specific versus summary methods show that individuals are able to more easily assess nutrient 
content of a food or select the healthier of two options using a nutrient-specific system than a 
summary system, while three of the ten studies showed the opposite effect (11). Similarly, eight 
of 15 studies showed that symbolic color improved consumer ability to assess healthfulness of a 
product compared to labels without symbolic color and five of 15 show no difference when color 
is present or absent (11). Thus, the evidence provides slight direction in favor of a color-coded 
nutrient-specific method as the most effective at improving understanding. 
Studies published since the Hersey review continue to lend support for the effectiveness 
of nutrient-specific methods (Table 2.2). Of six studies which compare nutrient-specific methods 
to summary indicators or indices at improving understanding of nutrition information,  three 
show an advantage for the nutrient-specific approach (45, 46, 47), one shows no difference 
between the different approaches (40), and two were inconclusive (42, 43); none of the studies 
distinguish summary indicators as the most effective for understanding-related tasks. In addition, 
four of six studies show an advantage for color coding nutrient-specific information (38, 45), 
while the remaining two show no difference when color is present or absent (40, 47).  
The results from several studies help identify why nutrient-specific information may be 
more effective than summary information at improving understanding. Van Herpen et al. 
compared the effectiveness of color coded nutrient specific information to a summary indicator 
to determine the importance of reference points in understanding nutrition information (46). In 
the study, individuals shown a MTL presentation of nutrition information, which provides a 
reference point for nutrient content via color coding, were able to provide the largest 
 15 
 
differentiation in ratings between healthful and less healthful product pairs compared to 
individuals shown a summary indicator or no information. This finding was consistent when 
individuals were shown the products from the food pairs either simultaneously or individually, 
while individuals shown summary indicators were less able to distinguish the healthy option 
within the food pair when foods were shown individually rather than simultaneously (46). These 
findings suggest that the lack of a reference point provided by summary indicators reduces the 
ability of users to accurately assess individual foods and require additional products to use as a 
reference point, such as when comparing a product with a summary indicator to a product 
without one. This conclusion is supported by a study by Watson et al., which found that not only 
did nutrient-specific methods allow individuals to more effectively identify the healthier product 
within a product pair than those shown a summary indicator, but individuals shown summary 
indicators also had to refer to a nutrition facts table to make their evaluations more often than 
those shown nutrient-specific information (47). Similarly, it has been shown that use of summary 
indicators without the presence of reference information leads to users rating foods as more 
healthful than when summary indicators are shown alongside numeric reference information, 
suggesting that summary indicators without reference information lead to inflated perceptions of 
food healthfulness (42). Thus, despite the aspiration of summary indicators to interpret overall 
healthfulness of a food so consumers do not need to use use or understand nutrition information, 
users seem to prefer to make their own evaluations regarding the healthfulness of a product. The 
lack of transparency of summary indicators also limits their use when making food comparisons 
between product categories. The findings from van Herpen et al. show that the transparency of 
nutrient specific methods such as the MTL allow the method to be effective for food 
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comparisons both within product categories and across product categories, while summary 
indicators are less effective for comparisons across food categories (46).  
Many of the above studies used simulations whose methods may favor certain formats of 
simplified nutrition information. For example, choosing a healthier food between two choices 
may be easier when a summary check is used, while determining if a food is high or low in a 
nutrient may favor a traffic light style system. Studies often focus on selecting the “healthiest” 
items from a pair or group of foods, which is a weakly defined task, has a low ceiling of 
performance, and is subjective to which nutrients are important to an individual. A task-based 
experiment such as creating a meal containing a certain amount of a nutrient may more 
accurately and objectively represent practical use of nutrition labels than subjective healthfulness 
of foods by providing an objective standard of performance. A study using an online fast-food 
meal ordering simulation in Australia found that when calorie information was presented using 
one of several methods (including numeric, color coded, % Daily Intake), participants ordered 
the fewest calories when numeric information alone or traffic light color symbols indicating 
calorie content were presented compared to baseline, while % Daily Intake had no effect (41). 
Another study using a task based design of creating a meal with less than one gram of salt from a 
list of foods revealed that GDA and traffic light labels were equally effective in reducing salt 
content of the meal over providing only food names (48). However, time taken to complete the 
task increased significantly in the groups provided nutrition information. Time taken to make 
decisions about healthfulness of foods may modulate real world use of nutrient profiling tools in 
the marketplace since consumers only spend an average of 30 seconds per product choice (35). 
Thus, the effects of simplified nutrition information in simulations may not translate to impact on 
 17 
 
consumer behavior in realistic settings where it must compete with numerous other stimuli and 
motivations within a small window of time. 
Effects of current systems on consumer behavior 
There are only a handful of studies which test the impact of simplified nutrition 
information on consumer behavior in realistic settings. Despite the potential impact of increasing 
the number of foods consumed which comply with the Choices Programme criteria on overall 
diet quality described above (27), when the Choices Programme was implemented at the point of 
purchase in cafeterias in the Netherlands for three weeks, no effect on healthfulness of 
sandwiches, soups, snacks, fruits, or salads sold was found between the intervention and control 
cafeterias (49). It is possible that summary indicators have more value to users when they are 
tiered rather than binary. Implementation of a 3-tiered star icon summary indicator at the point of 
purchase in grocery stores decreased added sugars sold and increased dietary fiber sold 
immediately and over two years primarily through an increase the amount of ready-to-eat cereals 
rated with 1 to 3 stars sold over cereals sold with 0 stars, although the change was small (50). 
Signposting summaries of nutrient profiles of foods as a single red, yellow, or green summary 
indicator in a hospital cafeteria resulted in marginal (~1-3%) but significant decreases in sales of 
red items and increases in sales of green items compared to a comparison cafeteria, especially for 
beverages (51). When combined with an educational intervention aimed to improve diet quality, 
the Nutrient Rich Foods Index consumed more vegetables and fruits compared to a group 
receiving standard nutrition education (52), suggesting that simplified nutrition methods may be 
more effective when paired with complementary education rather than presented as standalone 
information. 
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When shown for single nutrients, color coded nutrient-specific information has been 
shown to have an impact on behavior in realistic settings (Table 2.2). When calorie content was 
signposted on restaurant menus using numbers or traffic light color coding, individuals shown 
color coded information purchased significantly fewer entrée calories than those shown numeric 
information (12). The same study found that numeric information had greater utility for less 
health conscious individuals, while color coded information was increasingly effective as health 
consciousness increased, suggesting the color coding may be especially useful for those highly 
interested in nutrition information (12). Similarly, in an online meal ordering scenario, those 
shown color coded calorie content of items on the menu ordered fewer calories than those shown 
calorie content interpreted as a percentage of a daily recommendation, suggesting that a color 
coded reference point is more effective than a numeric reference point at impacting behavior 
(41). However, there was no difference between color coding and presentation of numeric calorie 
content without interpretation on calories ordered (41). Finally, a study presenting sodium 
content of foods using numeric or color coded information at a free sample booth in a grocery 
store found that those shown color coded information were more likely to choose the low sodium 
product than those shown numeric information without further interpretation and those shown 
color coding were also less likely to inspect the food package for additional information (13).  
When the complexity of the nutrient-specific information is increased, the effects become 
less pronounced. Introduction of MTL (fat, saturated fat, salt, and sugar) labels into major UK 
food stores resulted in no effect on healthiness of product sales of labeled ready meals or 
sandwiches after one month (53). Similarly, when MTL labels were placed in an online grocery 
store in Australia, no effect was seen on healthiness of sales relative to the comparison store (14). 
A randomized trial in which participants, blinded to treatment, were randomized to one of four 
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experimental menu treatments (no information, calories only, color coded traffic light, multiple 
traffic light) and asked to order a free meal found no difference in calories ordered between 
groups (15). The lack of effectiveness of traffic light style information in realistic settings, 
despite its support in simulations, can likely be attributed to the complexity of the method. 
Synthesizing ratings of multiple nutrients for numerous food choices likely becomes 
overwhelming in a time constrained settings, as demonstrated by the aforementioned study; only 
a minority of participants in the MTL condition recalled seeing information for specific nutrients 
(48% for fat, 22% for sugar) and recall of correct calorie content of foods was lower in the MTL 
condition than all other formats (15).  
Summary 
Consumer preference and understanding of these methods of simplified nutrition 
information are well-explored, showing favor for those methods which interpret food content of 
specific nutrients using color coding. However, the number of studies which objectively 
determine the impact of simplified nutrition information on consumer behavior in realistic 
settings is still very limited. The research available demonstrates that methods which are well-
received and understood by users do not always lead to behavior change in a realistic setting, 
emphasizing the importance of using behavioral measures rather than simulations to determine 
whether simplified nutrition information achieves the goal of leading consumers to healthier 
choices. Specifically, more studies which implement simplified nutrition information into 
grocery store or restaurant settings and measuring the impact on food selection, such as change 
sales over time or nutrient content of purchased foods or meals, are needed.  
 While research supports use of nutrient-specific methods, these methods primarily 
communicate food content of nutrients to decrease in the diet. As a result, they direct consumers 
 20 
 
toward food choices to avoid and may leave users wondering which food choices would be the 
best to include in the diet. Summary indicators and indices account for both nutrients to increase 
and nutrients to limit in the diet to help guide users toward the best foods to include in the diet, 
but unfortunately are not seen as informative by users. There is extremely limited work exploring 
the effect of interpreting nutrients to increase in the diet using this nutrient-specific approach. 
Exploring the effect of presenting this information with or without food content of nutrients to 
limit may reveal different impacts on behavior change than those seen when only nutrients to 
limit are shown.  
Finally, there is little work done exploring methods of simplified nutrition information 
which do not fall into the general categories of summary indicators, indices, or nutrient-specific 
methods. However, it is possible that the best method to present information to promote 
informed decision making and behavior change in realistic settings does not fall within these 
three categories. Thus, the objective of this work was to identify a method of presenting nutrient 
content of foods which capitalizes on the advantages of improving understanding seen for 
nutrient-specific methods but presents the information in a way that is effective for time 
constrained decision making in realistic settings.
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Figures and Tables 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.1. Sample depictions of Summary Indicator, Index, and Nutrient-Specific methods of 
simplified nutrition information 
a
 and 
c
 reproduced with permission from Elsevier from Appetite Volume 72. van Herpen E, 
Hieke S, van Trijp HC. Inferring product healthfulness from nutrition labelling. The influence of 
reference points. 2014 
b
 Likeness of index which rates foods with scores from 0-100 
c
 Multiple Traffic Light (MTL) approach to interpreting nutrient content with color coding 
 
76 
Summary Indicator
a
 Index
b
 
Nutrient-specific Indicator 
with color coding
c
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Table 2.1. Description and criteria of assorted methods of simplifying nutrition information using summary indicator, index, or 
nutrient-specific approaches. 
Method 
category 
Systems in use 
(Country of Origin) 
Health focus Criteria  
Summary 
Indicators 
Smart Choices 
(USA) (22) 
Promote optimal 
health and reduce 
diet-related chronic 
diseases 
Foods must be below the threshold for all nutrients to limit only and/or above the threshold 
for ≥1 nutrient or food group to increase, depending on which of 19 product categories a 
food falls into. There are 20 qualified exceptions for criteria specific to certain food groups 
 
Nutrients to limit  
Fat: ≤ 35% of total calories or 3g/serving 
Saturated fat: ≤ 10% of total calories or 1g/serving 
Trans fat: 0 grams 
Cholesterol: ≤ 60mg/serving 
Sugar: ≤ 25% of total calories 
Sodium: ≤ 480 mg/serving 
Calories: specific to product category 
 
Nutrients to increase 
Calcium, potassium, fiber, magnesium, vitamins A, C, or E (contains ≥ 10% of Daily 
Value) 
 
Food groups to increase 
Fruits, vegetables, whole grains, fat-free or low-fat dairy (contains ≥ one half of a USDA 
MyPyramid portion) 
Pick the Tick  
(Aust/NZ) (54) 
Cardiovascular 
disease 
Specific criteria unavailable.  
 
Goals include 1) decreasing levels in a food of one or more of: saturated or trans fat, 
sodium, and energy and 2) increase levels of one or more of dietary fiber/whole grains, 
calcium, and "key ingredient content” (e.g. percentage fruit, vegetable, or seafood) 
Keyhole (Denmark, 
Norway, 
Sweden)(20) 
Obesity, 
cardiovascular 
disease, diabetes, 
high blood pressure, 
cancer, osteoporosis 
General criteria: foods must contain no added sweeteners or novel food ingredients with 
sweetening properties; trans fat ≤ 2g/100g oil or other fat 
 
Specific threshold criteria exist for 25 separate product categories for one or more of the 
following nutrients per 100 gram of product: total fat, sugar, sodium, or dietary fiber  
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Table 2.1 con’t. 
Summary 
Indicators 
Choices 
International (26) 
Obesity, diet-related 
disease (eg diabetes, 
cardiovascular 
disease) 
Generic criteria:  
Saturated fat: ≤ 13% of energy  
Trans fat: ≤ 1.3% of energy  
Sodium: ≤ 1.3 mg/kcal  
Added sugars: ≤ 13% energy  
Fiber: ≥1.3 g/100 kcal (must originate in product)  
 
Criteria may vary depending on which of 27 product categories a food falls into 
American Heart 
Association Check 
(USA) (23) 
Heart Health 
Standard criteria: 
Total fat: ≤ 6.5g/serving 
Saturated fat: ≤ 1 g/serving and less than 15% of total calories 
Trans fat ≤ 0.5g/serving 
Cholesterol: ≤ 20mg/serving 
Sodium: ≤ 140, ≤ 240, ≤ 360, or ≤ 480 mg/svg depending on product category 
≥ 10% Daily Value of one of the following: vitamins A or C, iron, calcium, protein, or 
fiber 
 
Modified criteria exist for the following product categories: “extra lean” meat and seafood, 
main dish or meal products, whole grains, nuts, and fish high in omega-3 fatty acids 
Guiding Stars 
(USA) (21) 
Comprehensive diet 
quality 
Proprietary algorithm with separate criteria for 3 product categories. Criteria strive to guide 
users toward more vitamins, minerals, fiber, and whole grains and away from saturated fat, 
trans fat, cholesterol, added sodium, added sugars. Ratings range from 0 to 4 stars. 
Indices 
Nutrient Rich Foods 
Index (NRF) (USA) 
(29) 
Comprehensive diet 
quality 
Sum of nutrient content per 100 kcal of a food as a percent of Daily Value for 9 nutrients to 
encourage (protein, fiber, vitamins A,C,E, calcium, iron, magnesium, potassium) minus the 
sum of % Daily Values for a nutrient per 100 kcal of a food for 3 nutrients to limit 
(saturated fat, added sugar, sodium). Scores range -131 to 555 
 
NRF9.3 = (protein g/50 g + fiber g/25 g + vitamin A IU/5000 IU + vitamin C mg/60 
mg + vitamin E IU/30 IU + calcium mg/1000 mg + iron mg/18 mg +magnesium 
mg/400 mg + potassium mg/3500 mg – saturated fat g/20 g – added sugars g/50 g – 
sodium mg/2400 mg) x 100 
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Table 2.1 con’t 
Indices 
Overall Nutrition 
Quality Index 
(ONQI) /NuVal® 
(USA) (30) 
Comprehensive diet 
quality 
Proprietary algorithm including 25 nutrients or food components, range from 0-100.  
 
Score = (Food content of numerator nutrients/content of denominator nutrients) x 
macronutrient factors, where each nutrient’s content is weighted on the basis of health 
consequences or disease prevalence associated with that nutrient 
 
Numerator nutrients include: Fiber, Folate, Vitamins A, C, D, E, B-12 and B-6, Potassium, 
Calcium, Zinc, Omega-3 fatty acids, total bioflavonoids, total carotenoids, Magnesium, and 
Iron 
 
Denominator nutrients include saturated and trans fat, sodium, sugar, cholesterol.  
 
Macronutrient factors include fat quality, protein quality, energy density, and glycemic 
load 
Nutrient-
specific 
Indicators 
Facts up Front 
(USA)(32)  or 
Guideline Daily 
Amounts (UK) (55) 
Obesity, heart 
disease, diabetes 
Presents numeric content of nutrients per portion of food and percentage of nutrient based 
on Recommended Daily Amounts (USA) or Guideline Daily Amounts (UK). Nutrients 
shown include calories, total fat (UK only), saturated fat, sodium, sugars 
 
Facts Up Front also provides information for one of Iron, Potassium, Calcium, fiber, or 
protein and one of Vitamin A, C, or D  
Single traffic light 
a 
Diverse, including 
nutrition-related 
disease prevention 
and obesity 
Interpret content of a single nutrient in a food using a traffic light color-coding (green: low, 
amber: medium, red: high) 
 
“Low sodium”  (green, 1% Daily Value) vs “high sodium” (red, 25% Daily Value) (13) 
 
Low calorie (≤ 400), medium calorie (401-800), and high calorie (>800) menu options in a 
restaurant (12) 
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Table 2.1 con’t 
Nutrient-
specific 
Indicators 
Multiple Traffic 
Light
b
 (UK) (33) 
Obesity, heart 
disease 
Interpret content of multiple nutrients in a food using a traffic light color-coding. Energy 
information provided without interpretation 
 
Total fat 
(g/100g) 
Saturated fat 
(g/100g) 
Sugars 
(g/100g) 
Salt 
(g/100g) 
Green (low) ≤ 3 ≤ 1.5 ≤ 5 ≤ 0.3 
Amber (medium) > 3 to ≤ 17.5 > 1.5 to ≤5 >5 to ≤ 22.5 
>0.3 to ≤ 
1.5 
Red (high) > 17.5 > 5 > 22.5 >1.5 
a
 criteria, nutrients selected, and approach vary between studies. Example criteria are provided 
b
 refers to the traffic light front of package labeling method regulated by the United Kingdom Food Standards Agency. Criteria may 
not match those used in other traffic light style approaches 
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Table 2.2. Impact of differing methods of simplified nutrition information on consumer perceptions, understanding, and behavior. 
Study 
Methods 
evaluated
a
 
Objective and experimental design Primary outcome measures
b
 Summary of findings 
Sacks 2011(14) N-C** 
Determine impact of N-C** signposting on 
purchasing behavior 
 
Online field experiment, no comparison group 
 
N-C** presented for products in online 
grocery store for milk, bread, breakfast 
cereals, biscuits, and frozen meals for 10 
weeks 
B: Change in healthfulness of 
sales before and after 
introduction of N-C** labels 
B: No effect of N-C** on healthfulness 
of products sold 
Roberto 2012(38) N**, N-C** 
Determine if numeric information plus percent 
Daily Value or interpretive color coding leads 
to better understanding of food nutrient 
content 
 
Internet-based questionnaire, between-
subjects 
 
Randomized to be shown nutrition 
information for foods using no label, traffic 
light (N-C**, only nutrients to limit), traffic 
light+ (N-C**, nutrients to limit + fiber and 
protein), Facts up Front (N**, nutrients to 
limit only) or Facts Up Front+ (N**, nutrients 
to limit and encourage) 
 
Asked to rate perceptions of nutrition label, 
compare nutrient levels of product pairs, and 
identify levels of a nutrient in individual 
products 
P: Ease of understanding, time 
required to use, level of 
information present, degree of 
confusion when using label 
 
U: Accuracy in assessing 
nutrient content for food pairs 
or individual foods 
P: Traffic Light + (N-C**) rated easiest 
to understand. Facts Up Front + (N**) 
rated most confusing and time 
consuming (no difference between other 
remaining conditions) 
 
U: Both N** conditions led to greater 
accuracy in product comparisons than 
either N-C** condition 
 
Both N-C** conditions led to greater 
accuracy in estimation of nutrient 
content of individual foods for saturated 
fat & sugar than either N** condition.  
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Table 2.2 con’t. 
Roberto 2012(45) S, N-C*, N-C** 
Determine which scheme allows greatest 
understanding of food nutrient content and 
healthfulness  
 
Online questionnaire, between-subjects 
 
Randomized to one of 5 labeling conditions 
(no nutrition information, S, N-C*, N-C**, N-
C** with calorie interpretation) 
 
Choose healthier choice within product pairs 
and estimate nutrient content of individual 
foods  
U: accuracy in selecting which 
of two foods was healthier 
choice, estimation accuracy for 
nutrient content of individual 
foods 
U: N-C** with calorie interpretation and 
S most effective in determining which of 
two product choices was healthier 
 
N-C** led to greater accuracy in 
assessing nutrient content of individual 
foods than S or N-C* 
 
N-C* and N-C** conditions led to 
greater estimation accuracy of calorie 
content than S. 
Aschemann-Witzel 
2013(39) 
N**, N-C**  
Determine impact of various schemes on 
intended behavior and understanding of food 
healthfulness 
 
In-store consumer experiment in German and 
Polish grocery stores 
 
Between-subject: 
One of nine N** or N-C** schemes with 
varying degrees of text and/or color 
interpretation of nutrient content used to show 
nutrition information, asked to rank foods 
based on preference to purchase and then rank 
based on healthfulness of items 
 
Within subject: Number of foods shown (10 
or 20 products) 
P: Importance of nutrition 
when ranking foods in 
preferred choice task, 
perceived capability to make 
healthful choice 
 
U: Correlation between 
objective healthfulness of 
foods and consumer-evaluated 
preference & healthfulness 
rankings 
P: Presence of traffic light coloring 
increased perceived capability of making 
healthful choice 
 
U: No association between presence of 
nutrition information (in any format) and 
healthfulness of food rankings in 
preferred choice task 
 
The presence of N-C** using traffic light 
color coding increased accuracy of 
healthfulness assessments for healthy 
choice task in Germany but not Poland 
Ellison 2013(12) 
N* (calories), N-
C* (calories) 
Determine which method of calorie 
signposting at point of purchase leads to fewer 
calories purchased in restaurant meal 
 
Field experiment, between-subjects 
 
Participants in restaurant randomly assigned 
to see menu with no calorie information, N*, 
or N-C* caloric content of items 
B: Calorie content of 
purchased meal 
B: N-C* led to decrease in entrée 
calories purchased compared to N* or 
control 
 
No significant difference in total calories 
purchased between menu conditions 
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Table 2.2 con’t. 
Emrich 2013(42) S, N**, N-C** 
Determine most preferred labeling scheme 
and how each scheme impacts perceptions of 
food healthfulness 
 
Online questionnaire, between-subjects 
 
Randomized to view nutrition information for 
frozen meals and breakfast cereals using the 
assigned simplified nutrition schemes (or no 
nutrition information) either with or without 
the presence a nutrition facts panel-style table 
 
P: degree of liking, 
helpfulness, credibility, 
influence on purchase 
intention 
 
U: self-rated degree of 
understanding, perceived 
healthfulness and nutrient 
content of a food  
P: N** and N-C** rated higher for 
liking, helpfulness, and influence on 
purchase intention than S. 
 
U: Use of S in absence of numeric 
nutrition facts led to higher healthfulness 
ratings than N** or N-C** for frozen 
meals; effect diminished when S was 
shown alongside numeric nutrition facts 
information  
 
N-C** rated cereals lower in healthiness 
and higher in fat and sugar content than 
all other schemes   
Goodman 2013(13) 
N* (sodium), N-
C* (sodium) 
Determine which scheme leads to selection of 
low sodium product 
 
In-store experiment, between-subjects 
 
Shown nutrition information for pairs of foods 
(1 low- and 1 high- sodium option) using 1 of 
5 conditions (no information, low- and high-
detail N* and N-C* schemes), asked to choose 
free sample 
P: Liking, understanding, 
believability, perceived ability 
to use information to choose 
healthier foods 
 
B: Frequency of selection of 
low-sodium product sample 
P: Detailed N-C* most well-liked, 
understood, believable, and perceived as 
most effective 
 
B: N* & N-C* more likely to choose low 
sodium product than control. 
 
N-C* less likely to inspect package for 
additional product information than 
baseline or N*. 
Hammond 
2013(15) 
N* (kcal), N-C* 
(kcal), N-C** 
Determine which scheme influences nutrient 
content of meal selection 
 
Meal ordering task, between-subjects 
 
Subjects provided free meal, asked to select 
foods using 1 of 4 experimental menus (N*, 
N-C*, N-C**, or no nutrition information 
control) 
 
 
P: Perceived influence of 
information on meal selection 
 
U: Recall of which nutrients 
were presented on menu, 
estimated calorie content of 
meal ordered 
 
B: Nutrient content of meal 
ordered, nutrients consumed 
based on food leftover 
P: N-C* or N-C** most likely to be 
influenced by nutrition information on 
menu 
 
U: Accuracy of recall of which nutrients 
were present on menu >70% for N* and 
N-C*, ranged from 22-49% for nutrients 
presented using N-C** 
 
Greater proportion of participants 
correctly recalled calorie content of meal 
in N* or N-C* compared to control. 
 
B: No difference in nutrients ordered or 
consumed between N*, N-C*, or N-C** 
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Table 2.2 con’t. 
Mejean 2013(40) 
S, N-C***, 
“Color Range” 
(graphical index) 
Determine which label type is most well-
accepted and well-comprehended 
 
Online questionnaire, within-subject 
 
Participants shown nutrition information for 3 
soups of different nutrient content using each 
method of simplified nutrition information 
P: intent to use, liking, visual 
attractiveness, perceived 
cognitive workload 
 
U: Accuracy in assessing 
truthfulness of statements 
regarding healthfulness of 
soups using simplified 
nutrition information 
P: N-C** significantly more often liked, 
viewed as reliable and informative than 
S, N-C*, or Color Range 
 
U: S, N-C*, and N-C** performed 
similarly in accuracy of correctly 
evaluating healthfulness statements 
Morley 2013(41) 
N* (kcal), N-C* 
(kcal) 
Determine which scheme leads to lowest 
calorie food selections 
 
Online restaurant menu scenario, between-
subjects 
 
Presented calorie content of menu options 
using calories alone, N*, or N-C* 
P: Information on menu used 
to make selection 
 
B: Calorie content of meal 
selected 
P: Respondents most commonly reported 
using N-C* when making decision 
 
B: Calories alone and N-C* selected 
lower mean energy content items than 
N* (no difference between calories and 
N-C*).  
Savoie 2013(43) 
Ix (two used; 
scales were 1-
100 and 1-5), 
N**, N-C** 
Determine which label type is most well-
perceived and well-comprehended 
 
Online questionnaire, between-subjects 
 
Participants shown nutrition facts panel-style 
information, asked to evaluate healthfulness of 
food, then shown simplified nutrition scheme 
and asked to re-evaluate healthfulness for 28 
products in 6 categories  
 
 
P: Ease of understanding, level 
of detail, ease of finding 
information, trustworthiness, 
visual appeal 
 
U: Compare ratings when 
using simplified nutrition 
information to baseline 
perceptions 
P: Both Ix methods ranked significantly 
lowest for level of detail and ease of 
finding information , 1-100 Ix ranked 
lowest in visual appeal 
 
No significant difference in ease of 
understanding between any method. 
 
U: 1-100 Ix most likely to change 
perception of healthfulness compared to 
baseline, but often not in the right 
direction. N** least likely. 
 
N-C** tended to decrease perceived 
healthfulness of foods compared to 
baseline even for foods recommended by 
Canada’s Food Guide (egg, bran cereal, 
raw almonds, salmon) while increasing 
healthfulness perception of items such as 
diet soda or sugar-free gelatin. 
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Table 2.2 con’t. 
van Herpen 
2014(46) 
S, N**, N-C** 
Determine if a numeric or symbolic reference 
point for nutrient content allows more 
accurate distinction between healthful and less 
healthful products across food categories, 
within categories, and standalone for a single 
product 
 
Study 1 
Online questionnaire, between-subjects 
 
Shown nutrition information for 6-
prepackaged food products using N**, N-C**, 
or numbers with no reference point. 
 
Asked to identify healthier choice in product 
pairs 
 
Study 2 
Computer simulation task, between-subjects 
 
Shown nutrition information using one of four 
methods (numeric without reference, S, N-
C**, or no information) for two products 
within a food category (1 healthful, 1 less 
healthful, within-subject) as either isolated or 
joint exposures (between-subject), asked to 
identify healthier choice in product pairs 
Study 1  
U: self-rated level of 
understanding, rate level of 
healthfulness of food products 
 
Study 2 
U: Rate level of healthfulness 
of products, dwell time on 
label of evaluated product (eye 
tracking), dwell time on 
comparison product for joint 
exposures (eye tracking) 
Study 1 
U: Color reference point (N-C**) more 
effective than numeric reference point 
(N**) at increasing ability of consumers 
to differentiate between more and less 
healthful products 
 
Study 2 
U: N-C** showed largest differentiation 
in ratings between healthful and less 
healthful products across and within 
product categories. Finding consistent 
for both isolated and joint product 
exposures. 
 
S has diminished effectiveness in 
distinguishing healthful from less 
healthful products across categories 
compared to within categories. A 
diminished effectiveness was also seen 
when products were presented in 
isolation compared to joint exposures. 
 
Dwell time significantly lower for S than 
N-C** 
 
 
Watson 2014(47) 
S, N* (kcal), 
N**, N-C** 
Determine which labeling scheme helps users 
identify healthier products quickly and 
correctly 
 
Online questionnaire, between-subjects 
 
Identify healthier option between 9 food 
product pairs. All subjects had the option of 
seeing a nutrition information panel alongside 
their simplified nutrition scheme 
U: Number of correct 
comparisons, number of times 
nutrition information panel 
used, time taken to make 
comparison 
U: Those in N** and N-C** schemes 
provided more accurate responses and 
used nutrition information panel less 
than S or N* schemes. No difference 
between N** and N-C**. 
 
No difference in time to make 
comparison between schemes. 
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Table 2.2 con’t. 
 
a 
S: Summary indicator, Ix: Index, N: Nutrient-specific without color coding, N-C: nutrient specific with color coding. For N or N-C, * 
indicates single nutrient presented and the nutrient is identified in parentheses; ** indicates 2 or more nutrients presented. Studies 
which tested N-C** schemes which included nutrients other than fat, saturated fat, sodium, and/or sugar are identified in the 
Experimental Design column. 
b
 Categorized into metrics of perceptions (P), understanding (U), or behavior (B). Unless otherwise noted, P outcomes were measured 
via questionnaires using Likert-style responses.
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Chapter 3: Development and capabilities of a graphical method of 
visualizing nutrition information 
 
 
 
Abstract 
It is challenging to effectively deliver nutrient information to consumers in a way that 
promotes healthy choices. The objective was to identify a method of graphically presenting 
nutrient-specific information for two or more nutrients to facilitate effective use of nutrition 
information within the scope of weight management. To achieve this goal, fiber and protein 
content of foods per calorie are presented two-dimensionally alongside a reference target 
representing dietary recommendations. We hypothesized that the selected criteria for these 
nutrients would allow foods consistent with dietary recommendations for weight management to 
be distinguished as highly rated choices when plotted two-dimensionally. Foods commonly 
consumed by Americans were plotted two-dimensionally based on their fiber and protein content 
per calorie. Plotting foods together on the two-dimensional plot visualized many dietary 
recommendations such as decreasing intake of discretionary fats and added sugars, choosing lean 
proteins, low-fat dairy, fruits, vegetables, and whole-grains, and choosing whole fruits over fruit 
juice. By evaluating nutrient content of foods per calorie, the plot is also able to visualize how 
foods combine to put nutrition information into the context of balanced meal. The graphical 
method of displaying quantitative nutrient information of foods per calorie relative to a target has 
potential for improving usability of nutrition information by visually demonstrating differences 
in nutrient content between foods and providing a spatial, rather than numeric, reference point to 
interpret nutrient content relative to recommendations. 
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Introduction 
Managing intake of specific nutrients is a primary method of treating or preventing 
nutrition-related diseases. While nutrition information is required to appear on food packages in 
many countries to help consumers make informed health-related decisions (3), the majority of 
consumers show difficulty in understanding and using this information (6). A variety of 
approaches to simplifying nutrition information exist to make information more understandable 
and usable for consumers. Of these tools, methods which interpret content of specific nutrients 
within a food are overwhelmingly preferred by users and most effective in helping consumers 
assess levels of nutrient within a food or identify the healthiest choice among several food 
options compared to methods which attempt to summarize the overall healthfulness of a food 
with a logo or numeric rating (11). However, when nutrient-specific information for two or more 
nutrients is implemented into realistic settings, there is no impact on behavior (14, 15), 
suggesting the method is not presented in a way that facilitates and/or motivates health-related 
decision making when time constraint can affect use or factors such as price, taste, or 
convenience can impact a decision. It’s possible that, despite the increased effectiveness of using 
color to provide consumers with reference point for nutrient content of foods at improving 
understanding of food nutrient content compared to numeric reference points (46), it is difficult 
for consumers to quickly process this information for multiple nutrients and multiple foods under 
time constraint (15). 
 There is some evidence that graphical reference points, such as visualizing nutrient of a 
food on a line relative to foods which contain higher or lower nutrient amounts in the same 
product category, help individuals interpret nutrient content more effectively than numerical 
information in low-literacy consumers due to the comparative nature of food decisions (56). 
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However, this approach is largely unexplored in the literature of simplified nutrition information 
(11). A study published by Mejean et al. explored consumer acceptance and understanding of a 
“Color Range” approach, which is a color coded, two-dimensional representation of food 
healthfulness (40). The Color Range showed food content of favorable and unfavorable nutrients 
using two continuous scales on x- or y-axes and interpreted content using a color spectrum. The 
results from the study indicate that the Color Range was more difficult to understand than 
methods which provide a logo to communicate overall healthfulness of a food or methods which 
interpret content of specific nutrients using a traffic light color coding scheme (40). However, the 
Color Range uses composite scores calculated from food content of multiple nutrients to 
generate the location a food falls on the colored spectrum rather than providing a transparent 
interpretation of individual nutrient values within a food, the latter of which is the approach 
consumers are shown to prefer and understand (37). The potential for graphically presenting 
quantitative values of specific nutrients within foods is unknown. 
The primary objective of this work was to identify a method of graphically presenting 
nutrient-specific information for two or more nutrients to facilitate effective use of nutrition 
information. A secondary objective was for the method to lead toward beneficial foods to include 
in the diet rather than away from potentially harmful foods to avoid. To achieve this goal, a 
graphical method of presenting nutrient content per calorie alongside a target recommendation 
was developed with a scope of weight management. The developmental work, including the 
nutrient selection, criteria, and specifications for plotting nutrient content graphically, are 
described. We hypothesized that the selected criteria for the presented nutrients would allow 
foods consistent with dietary recommendations for weight management to be distinguished as 
highly rated choices when plotted two-dimensionally. The ability of the method to visualize food 
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comparisons is explored and validity of criteria are tested by determining if highly rated foods on 
the plot are consistent with dietary guidelines relevant to weight management. 
Methods 
Nutrient selection and criteria 
A primary distinction between nutrient-specific methods of interpreting food 
healthfulness and using methods which involve complex criteria to provide an overall 
healthfulness rating of a food is that, while algorithms can account for up to 25 nutrients or 
components within a food to provide an overall score (30),the number of nutrients which can 
realistically be accounted for with a nutrient-specific approach is more limited. Interpreting 
specific information for even four nutrients at once may be too overwhelming for users to 
process in a realistic, time constrained setting (15). Thus, choosing a limited number of nutrients 
relevant to a specific health concern may be more appropriate for a nutrient-specific approach 
than trying to account for the overall healthfulness of a food.  
For the purposes of the following studies, we chose to present information of two 
nutrients to increase in the diet relevant to weight management. The rate of obesity in the United 
States has increased from 23% in 1988-1994 to 34% in 2007-2008 (57).  The health implications 
associated with overweight and obesity are severe, accounting for 9.1% of annual medical 
spending and estimated to be $147 billion per year in 2008 dollars; annual per capita medical 
spending for obese individuals is 42% higher than individuals of normal weight (58). Thus, 
weight management is a serious issue for which effective utilization of nutrition information can 
play a key role in alleviating. 
Fiber and protein were chosen as the two primary nutrients to encourage due to their roles 
in successful body weight management. While many nutrients are relevant to weight 
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management, an objective of this research was to identify a method of communicating nutrition 
information which leads users towards foods that are better choices to include in the diet rather 
than away from foods which are the worst choices. It has been shown that the improvements in 
consumer understanding of nutrient content of foods when using approaches such as the Multiple 
Traffic Light, which only interprets food content of nutrients to be limited in the diet such as 
saturated fat or sodium, are associated with an improved ability to identify unhealthy options 
within a group of foods rather than an increase in the ability to rate healthful food options (42, 
43, 46).Thus, selecting nutrients whose increased intake provides a benefit for management of a 
healthy weight supports the objective of guiding users toward which foods to include in the diet 
rather than which foods to avoid. In addition, a study utilizing conjoint analysis to determine 
which of twelve nutrients to increase or decrease in the diet contribute to the perception of 
healthfulness of foods by consumers reveals that presence of protein, fiber, calcium, and vitamin 
C had strong utility to consumers while saturated fat and sodium only influenced healthfulness 
perceptions of food when they were entirely absent from a product (36).  
Fiber intake has strong inverse associations with body weight and BMI epidemiologically 
(59), which may be more attributed to increased inclusion of whole foods naturally rich in fiber 
(60, 61) than specific effects of fiber on satiety and food intake (62). Most studies have found 
strong support for modestly increased protein levels over a normal protein diet in improving 
body fat loss and retaining lean mass during weight loss (63) and also improving satiety even 
during an energy deficit (64). However, the method may be effective in presenting information 
for key nutrients relative to other conditions, including calcium and vitamin D for bone health or 
saturated fat and sodium for heart disease, to name two. 
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A calorie baseline was selected to evaluate protein and fiber content within a food. The 
primary advantage of selecting a calorie baseline is that it is well-suited for the selected weight 
management scope. As extra calories are added to foods through discretionary fats or added 
sugars, the fiber and protein content per calorie will diminish; thus, the calorie baseline allows 
higher ratings to be provided to foods high in fiber and protein and limited in calories. A per-
serving basis was not selected, as it has been shown that is it beneficial for simplified nutrition 
information to be usable within and across product categories, and a per-serving baseline has 
diminished usefulness in cross-category food comparisons (65). 
The target criteria for fiber and protein per calorie are set to meet or exceed the daily 
recommendations of fiber and protein to encourage incorporation of foods and meals rich in 
these nutrients and are shown in Table 3.1. The minimum protein percentage was set slightly 
higher than the lower limit of the acceptable macronutrient distribution range (AMDR) to 
promote the benefits of increased protein intake during weight loss discussed above as well as to 
accommodate adequate protein intake for sedentary individuals whose total energy expenditure 
is low.  
Graphical presentation of nutrition information 
To graphically present quantitative content of specific nutrients within a food, nutrient 
content per calorie of foods are graphically displayed alongside a target benchmark on a color 
coded plot, also referred to as the nutrition plot (Figure 3.1). Food content per calorie of nutrient 
1 would be plotted on the y axis while nutrient 2 would be plotted on the x axis; Figure 3.1 uses 
fiber and protein as nutrients, as described above. Rather than using strict color coding to 
interpret nutrient content of foods, such as a traffic light style system, the graphical method 
provides spatial reference information in the form of a target representing 1-2 times the 
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minimum dietary recommendations for these nutrients near the center of the plot. Thus, the target 
provides perpetual visual feedback to help users understand how their choices relate to the 
context of a balanced meal or diet. The chart is divided into color coded regions to help users 
identify how easily foods fit into the target eating pattern, with red and yellow foods being 
difficult to fit into a balanced meal fitting the target and green or blue foods being the best 
choices to combine. Formulas used were as follows, where N1 and N2 represent food content per 
calorie of nutrient 1 and 2, respectively, relative to the minimum dietary recommendations 
(minimum recommendations are represented by the bottom left corner of the target square): 
N1+N2<1, red; 1<N1+N2<2, yellow; 2<N1+N2<4, green; 4<N1+N2, blue. The amount of 
calories represented by a food or meal on the plot can be represented by the circle sizes of data 
points on the plot and is also presented numerically next to their respective data point on the plot 
without further interpretation, as calorie recommendations differ greatly between individuals.  
By rating nutrients on a calorie baseline, individual foods as well as combinations of 
foods into meals or total diets can be visualized in the same format to aid meal formation (Figure 
3.1). As foods are combined, the plot provides information not only to help users understand 
which nutrients are present in a meal, but also which nutrients are missing from a meal. In Figure 
3.1, a meal of a turkey sandwich and chips fits the target recommendation for protein (y-axis) but 
does not contain enough fiber (x-axis) to fit into the balanced target box. Thus, the plot is able to 
provide meal feedback by communicating how to improve meals which do not fit the target box.  
Properties of selected graphical method  
Once a method of presenting nutrition information was selected, the next step was to 
determine the content validity of the criteria selected. Specifically, the objective of this stage of 
work was to identify whether or not the method was capable of distinguishing more beneficial 
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food choices for a health condition (weight management, in this work) from foods which may 
hinder achievement of goals. To achieve this objective, nutrient content of commonly consumed 
foods by Americans based on NHANES data are plotted using this graphical method to 
determine if the method promotes foods and eating patterns consistent with consensus dietary 
recommendations, such as the Dietary Guidelines for Americans (66). 
Discretionary fats and added sugar analysis 
To determine if the selected criteria and presentation allow the graphical method to 
distinguish foods favored by dietary recommendations from foods recommended to be consumed 
less often, foods commonly consumed in the NHANES 2007-2008 dietary recall data were 
plotted to compare ratings.  
As discussed above, a calorie baseline was selected to evaluate protein and fiber content of 
foods to help the criteria distinguish between foods high and low in discretionary fats and added 
sugars, as decreasing intake of these nutrients is a primary dietary recommendation for weight 
management (66). To determine if the selected criteria systematically support this assumption,  
nutrition information from day 1 of the 24 hour dietary recall from the 2003-2004 NHANES was 
used in conjunction with the USDA MyPyramid Equivalents Database (MPED) 2.0 (67) to 
determine if foods rated more highly in the graphical method contained fewer discretionary fats 
and added sugars.  MPED 2.0 added sugar servings are listed in teaspoons, which includes 
“white sugar, brown sugar, raw sugar, corn syrup, corn syrup solids, high fructose corn syrup, 
malt syrup, maple syrup, pancake syrup, fructose sweetener, liquid fructose, honey, molasses, 
anhydrous dextrose, crystal dextrose, and dextrin” (67).  Teaspoon equivalents of added sugar in 
each food item in the database were multiplied by 4.2 to convert to grams of added sugar. 
Discretionary fats are listed in grams of discretionary oil and grams of discretionary solid fat in 
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the MPED 2.0, and are defined as “fat present in amounts above the lowest available fat level” 
(67).  For example, skim milk or skinless chicken breast with no fat used in cooking would have 
zero discretionary fat calories, while whole milk or chicken breast with skin would contain 
discretionary fat.   
Analyzed foods were then categorized into red, yellow, green, or blue ratings based on their 
fiber and protein content per calorie and the median food content of total discretionary calories 
(% calories from added sugars + discretionary fats) was compared categorically between foods 
falling within each color rating using a Kruskal-Wallis test. A total of 2748 food items contained 
data for discretionary fats and added sugars. Differences between medians were determined 
using a post-hoc Dunn’s test. 
Analysis of school lunches 
 As an objective of this work is to identify a method of presenting nutrition information 
which can help individuals form healthy meals, the capabilities of the nutrition plot in visualizing 
nutrient content of meals in addition to foods was explored. Nutrition information data for 
Champaign High School lunches were acquired from the Champaign Unit 4 Food Services 
Department website (68), which listed nutrient content for all nutrients necessary to calculate 
nutrition plot ratings for the month of May, 2010 at the time of this work.  Each day contained 
nutrition information for two different entrée choices with the same side items and a beverage.  
Nutrition data for individual foods were recorded and combined to form two meals for each day 
based on the two different entrées with the same side items (e.g. hot dog or chicken fingers plus 
corn, grapes, and milk).  In total, 33 meals were analyzed once meal repeats were removed. 
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Results & Discussion 
 Plotting foods two-dimensionally based on protein and fiber content per calorie allows 
many dietary recommendations for weight management to be visually distinguished, including 
choosing more lean meats, beans, whole grains, a variety of fruits and vegetables, whole fruit 
over fruit juice, and reducing solid fats and added sugars (66). Calories are not shown in the 
following figures to enhance clarity.  
Figure 3.2a demonstrates the ability of the nutrition plot to visualize the difference in 
nutrient values among common protein sources. Lean meats, like chicken breast or fish, and 
beans are rated more favorably than fattier meats like sausage and bacon, which is shown 
through the varying positions these foods fall on the plot as well as the different colored ratings 
they receive. Vegetarian protein sources rich in fiber, such as soybeans or red beans, also are 
rated favorably using the nutrition plot criteria. Figure 3.2b shows the ability of the nutrition 
plot to differentiate fruits, vegetables and grains based on their fiber and protein contents.  
Overall, fruits and vegetables receive very favorable ratings in the system, promoting their 
inclusion in a healthy diet. The plot uses nutrient content to visually highlight the 
recommendation to choose whole-grains over refined grains as well as the advantage of choosing 
vegetables cooked without fat over fried vegetables when managing a healthy weight, which can 
be seen as the distance between whole wheat bread and white bread and between roasted potato 
and French fries, respectively. Similarly, although corn and potato are classified as vegetables, 
the plot shows that the fiber content per calorie of corn or potato is at the low end of fruits and 
vegetables, revealing that non-starchy vegetables like broccoli or green pepper may be a more 
beneficial choice in managing a healthy weight. Finally, the figure shows that a whole orange 
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receives a more favorable rating than orange juice, thereby demonstrating the benefit of choosing 
whole fruit over fruit juice when forming a balanced meal for healthy weight management.  
 By selecting a calorie baseline to evaluate protein and fiber content of foods, the selected 
criteria are able to systematically distinguish between foods high and low in discretionary fats 
and added sugars. Figure 3.3 shows the median percentage of calories from discretionary fats 
and added sugars for foods falling into the red, yellow, green, or blue area of the nutrition plot 
from day 1 of the 2003-2004 NHANES dietary recall (n=2748 foods). The results reveal a 
stepwise decrease in food content of discretionary fats and added sugars as the nutrition plot 
rating increases. Foods falling into the red area of the plot, which accounted for 26.4% of the 
foods analyzed, contained a median of 65.6% of calories from discretionary fats and added 
sugars. The foods receiving a blue rating, which 11.8% of foods analyzed fit into, contained a 
median of 0% of calories from discretionary fats and added sugars. All group-pairs were 
significantly different from one another (Dunn’s test, p<0.001). This relationship is demonstrated 
for individual products in Figure 3.4, which displays a visual difference between dairy products 
with increasing fat and/or sugar content as well as the effect of adding fats and/or sugars or 
removing fiber content of apple products through processing. As a result, the nutrition plot not 
only able to encourage sufficient fiber and protein intake but also a reduced discretionary calorie 
intake through selection of highly rated foods.  
 The nutrition plot is able to show nutrient content of meals in the same format as that of 
individual foods. Figure 3.5 provides a summary of school lunch meals from Champaign High 
School, showing most meals fall into the target range of protein, but only 4 meals (12%) fall into 
the target square due to many meals being low in fiber. This function could prove useful for 
analysis of restaurant menus for research or for coordinators of meal programs by revealing not 
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only which meals may be less than ideal nutritionally, but also which direction in which the meal 
needs to be improved. An individual’s meal intake for a week could be presented in the same 
way to visualize specific areas of improvement in the diet.  
 Conclusions 
Plotting foods two-dimensionally based on the selected criteria of fiber and protein 
content per calorie is able to achieve the intended goals driving method development. Graphical 
presentation of information is able to distinguish nutrient content of multiple foods in a visual 
format, revealing not only which foods are the best choices but also the degree to which foods 
differ to support informed decision making. The method supports the objective of identifying 
favorable foods to incorporate in the diet rather than which foods to avoid and can also visualize 
meal information in the same format as nutrient content of individual foods.  
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Figure 3.1. Graphical presentation of food nutrient content per calorie relative to 
recommendations. In this example, fiber (x axis) and protein (y axis) are selected as nutrients to 
plot based on criteria from Table 3.1. The target box represents the minimum criteria for fiber 
and protein (bottom left corner of target) to 2x the minimum (upper right corner of target). 
Regions and circles are color coded to interpret nutrient content relative to target criteria. In the 
examples shown, the turkey sandwich is high in protein but low in fiber, while the black bean 
soup is high in fiber and moderate in protein. (a) The plot can show combination of foods into 
meals; combinations fall closer to the food contributing more calories on a straight line between 
the foods. The addition of a cup of black bean soup pulls the meal into the target area (b), while 
addition of a soft drink would pull the meal farther away from the target area (c). 
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Figure 3.2. Visual differentiation of protein (top graph) and fiber (bottom graph) foods on the 
nutrition plot. Foods recommended by dietary guidelines, such as lean proteins, whole grains, 
fruits, and vegetables are distinguished as beneficial choices using the nutrition plot criteria. 
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FIGURE 3.3. Percentage of calories from discretionary fats and added sugars for foods from the 
2003-04 NHANES dietary recall for each nutrition plot rating. The horizontal line of the boxes 
depict median, while top and bottom of boxes depict inter-quartile range. Vertical lines show 
1.5x the IQR. Outliers are shown as separate points. Each n represents number of foods falling 
into each rating category (total n=2748). Values with the same letters are not significantly 
different from each other, (Dunn’s test, p< 0.001). 
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Figure 3.4. Comparison of varying levels of discretionary fat and/or added sugar content on the 
position of foods on the nutrition plot using dairy and apple products as examples. The foods 
lowest in discretionary calories are shown as most favorable on the nutrition plot, while 
increasing fat or sugar content of foods of foods, or removing fiber or protein, results in foods 
becoming more difficult to fit into a balanced meal. 
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Figure 3.5.  Nutrition plot visualizing nutrient content of school lunch meals from Champaign 
High School for the month of May, 2010. Each data point represents one meal (n=33).  
 
 
 
  
 49 
 
 
 
 
 
 
 
 
  
Table 3.1. Nutrient content specifications for nutrition plot target square. 
Nutrient Target minimum Consensus Recommendationa 
Fiber (g/100 kcal) 1.4 >14 grams per 1000 kcal 
Protein (% kcal) 16 10-35% of total kcal 
a Compiled from Dietary Guidelines for Americans 2010 and Dietary 
Reference Intakes 
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Chapter 4: Improvements in usability of nutrition information 
under time constraint when presented graphically rather than 
numerically 
 
 
 
Abstract 
Consumers have difficulty utilizing nutrition facts panel (NFP) information. We have 
developed a new method which graphically delivers information of selected nutrients relative to 
a target to facilitate food comparisons and balanced meal formation. The method two-
dimensionally plots values of fiber and protein per calorie of foods as a means of encouraging 
intake of these nutrients to support a scope of weight management. Two studies were conducted 
to determine the efficacy of this method in improving usability of nutrition information under 
time constraint. First, a randomized cued recall experiment was conducted using university 
students (n=63) to determine if showing nutrition information graphically instead of numerically 
improves the ability of users to process and recall that information. Second, a cafeteria field 
experiment was conducted to determine the impact of signposting nutrition information 
graphically at the point of purchase on diner choices. Nutrient content of diner meals (n=362) 
was compared between periods of nutrition signposting using the graphical method, NFP, or no 
nutrition label. Surveys were collected to determine predictors of nutrients purchased and 
consumer understanding of the tool. In the first study, recall accuracy of nutrition information 
improved by up to 43% when shown graphically instead of numerically. In the second study, 
graphical signposting improved nutrient content of purchased meals in the intended direction 
while NFP had no effect compared to baseline for measured nutrients.  Calories ordered from 
total meals, entrées, and sides were significantly less during graphical signposting than the no 
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label period (16%, 7% and 52% decrease, respectively) and NFP period (20%, 14% and 57% 
decrease, respectively). Graphical signposting remained a predictor of calories purchased in 
regression modeling and was well understood by diners. These results indicate that graphically 
presenting nutrition information allows users to quickly process and use information for decision 
making. 
Introduction 
Nutrition-related diseases are prevalent in the United States, including obesity, diabetes, 
heart disease, and cancer (1). Managing intake of specific nutrients is a primary method of 
treating or preventing these diseases, which ultimately depends on the effective communication 
of nutrition information to those in need. The current method of communicating nutrition 
information in the US is the Nutrition Facts Panel (NFP). However, utilization of the NFP has 
been shown to be less effective than intended (16). This finding can likely be attributed to the 
NFP not being well understood by consumers in (6) and that its use often occurs in time 
constrained settings where other factors such as taste, price, or convenience can supersede the 
importance of nutrition (69).  
Methods such as traffic light-style color coding exist to help consumers more easily 
interpret food content of specific nutrients in the context of dietary recommendations (11, 37). 
While these methods are more effective at improving consumer understanding of food nutrient 
content than the nutrition facts panel (11), studies that actually measure their impact on behavior 
in realistic settings are limited (37, 70). A previous study found that a traffic light labeling 
system to indicate calorie content of foods in a full-service restaurant setting was approximately 
twice as effective at reducing calories ordered compared to numeric labels (12). However, 
implementation of a traffic light system which color coded content of total fat, saturated fat, 
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sodium, and sugar in United Kingdom grocery stores showed no effect on consumer purchases 
(53).   
This limited body of evidence suggests that interpreting specific nutrient content of foods 
relative to dietary recommendations shows promise, but it may become confusing when showing 
content for more than one nutrient when time is a limitation. Identifying a method which more 
clearly presents food content of more than one nutrient relative to recommendations may be 
effective at motivating behavior change in a time constrained setting. Color coding specific 
nutrients is also primarily designed to help consumers choose between similar products rather 
than help them understand how foods interact together when a meal is formed. However, 
consumers show the most difficulty in applying nutrition information in the context of what a 
meal or overall diet should contain (6). Thus, using a balanced meal context to show nutrient 
content of foods may help consumers better apply nutrition information for decision making. 
A method of two-dimensionally plotting fiber and protein content per calorie of foods 
relative to target recommendations was previously developed. The method is able to plot many 
foods at once in the same format to aid food comparisons and also visualize how foods combine 
to form a meal. We hypothesized that this method of visualizing nutrient content of foods would 
allow users to more effectively process information for decision making in realistic settings than 
numerical information. Two studies were conducted to test this hypothesis. First, a cued recall 
experiment was conducted to determine if showing nutrition information graphically instead of 
numerically under time constraint improves the ability of users to process and recall that 
information in a simulated environment.  We hypothesized that individuals shown nutrition 
information graphically would show improved recall accuracy compared to individuals shown 
numeric information. Second, a field experiment was conducted to determine if signposting 
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nutrition information graphically at the point of purchase in a cafeteria environment was 
effective at influencing food choices in a realistic, time constrained setting. Based on the findings 
from Study 1 and evidence that nutrient-specific information that is simple to process can lead to 
behavior change in realistic settings, such as single traffic lights (12, 13), we hypothesized that 
purchases during periods when nutrition information was signposted graphically would contain 
more fiber and protein per calorie then purchases when nutrition information was shown 
numerically or no information was shown at all. 
Study 1 
Methods 
Study setting and design 
We conducted a study-test cued recall experiment that utilized a between-subjects design. 
Cued recall tests are commonly used in the field of psychology to measure working memory 
(71), which is the part of memory where information is temporarily stored to perform tasks such 
as comprehension or reasoning (72). In the context of food decisions, nutrition information for 
one or more foods must be comprehended and temporarily stored to perform the task of 
evaluating the healthfulness of one food or comparing multiple foods to make a selection. Thus, 
cued recall provides a means of measuring how effectively information was processed for 
decision making.  
University students were recruited via email and flyer. Students were then randomized 
using computerized random numbers to either a visual group or a table group. Each individual 
was presented fiber and protein content per 100 kcal of 30 different foods using an automated 
computer program and instructed to remember ratings for both fiber and protein for each food 
based on the nutrient content relative to target criteria (<1x minimum, 2x minimum, etc).  The 
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visual group was presented nutrition information of foods graphically on a two-dimensional plot 
which represented the target criteria as a box on the plot (Figure 4.1a). The table group was 
presented the same information numerically as a table which showed fiber and protein content of 
the food per 100 kcal as well as the ratings those nutrient amounts correspond to relative to the 
target criteria to ensure both groups were provided the same information (Figure 4.1b). For 
example, a food falling into the red section of the plot (< ½ of the target minimum) for the visual 
group would have the rating of <½ the minimum for fiber and protein listed via text for the table 
group.   
The process was automated on a computer within an individualized booth for each study 
participant. Each food was shown for 15 seconds to simulate the time constraint one would be 
under when analyzing nutrition labels in realistic settings, as consumers spend anywhere from 10 
to 30 seconds analyzing nutrition information to make a judgment or decision in a shopping 
setting (73, 74). Brief nutrition background including instructions on how to interpret and use the 
visual or table format was provided prior to the beginning of the task via an automated 
PowerPoint presentation. Each subject was then given an answer sheet which listed the names 
and possible ratings of all 30 foods shown to participants and asked to circle the correct rating 
for both fiber and protein for each food (Appendix A). Number of correct answers was used as 
the outcome measure. A reference sheet depicting a blank example of the format that the food 
information was shown was also provided to them (visual or table). Subjects were also asked to 
fill out a survey including age, sex, height, and weight, as well as to rate their nutrition 
knowledge from 0 (minimal) to 10 (excellent). A total of 63 students completed the study. 
Participants completed consent forms and were compensated with $10 for participation. This 
 55 
 
experiment was approved by the University of Illinois at Urbana-Champaign Institutional 
Review Board. 
Data Analysis 
Recall accuracy was measured by calculating the number of correct responses for fiber, 
protein, or both fiber and protein for a food (30 possible), for each individual and compared 
between groups using an independent t-test. Outliers (n=2) were removed on the basis that their 
mean squared deviation from the correct answer was greater than random guessing; the most 
likely cause of the outliers was entering answers for fiber and protein in wrong columns on the 
answer sheet. Analyses were performed using PASW statistics version 18 (SPSS Inc, Chicago, 
IL), with statistical significance defined by an α of 0.05. 
Results  
There were no significant differences between groups for age, weight, BMI, nutrition 
knowledge, or sex distribution. As seen in Figure 4.2, recall of correct fiber ratings and protein 
ratings were improved in the visual group. Participants in the visual group provided an average 
of 18.9 correct answers (63% correct) for protein ratings for food, which was 21.2% greater than 
the number of correct protein responses provided by participants in the table group (p<0.01), 
who provided an average of 15.6 correct answers (52% correct). The number of correct answers 
for fiber was also improved in the visual group by 13% (20.2 vs 17.8 correct answers for visual 
and table, respectively), although this comparison only approached significance (p=0.085). The 
difference between visual and table group accuracy was even greater when both fiber and protein 
ratings of a food were considered. Participants in the visual group showed 43% greater recall 
accuracy of fiber + protein ratings, recalling an average of 15.2 out of 30 correct answers for 
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both nutrients (50.7%) compared to an average of 10.6 out of 30 (35.3%) for the table group 
(p<0.001). 
The results support that plotting nutrition information of foods two-dimensionally 
improves recall accuracy of that information compared to a numerical presentation of data, thus 
supporting that graphically presenting data makes it more available for processing under time 
constraint. Only one other study exists which used graphical information to communicate 
nutrient content of foods. The study used a color-coded two dimensional plot, which is similar to 
the approach used in the current study, but plots a composite score for food content of nutrients 
to increase in the diet on one axis and nutrients to decrease on the other axis (40). The authors 
found that the graphical method was the least well-liked, least understood, and had the lowest 
perceived reliability and contribution to information, while nutrient specific information was 
rated the highest (40). This finding contrasts with that seen in the present study, which showed 
improved memory for nutrition information when shown graphically instead of numerically. This 
may be explained by the fact that the graphical method used in the present study presents specific 
nutrient content of foods, similar to the systems which were highly rated in Mejean 2013, while 
the graphical system used in Mejean 2013 was more similar to a nutrition index, which has been 
shown to be rated poorly among users for the level of detail provided (43). In addition, a strength 
of the current study is the use of recall of nutrition information to capture the ability of users to 
process information, while other studies rely on surveys to capture the perceived measures of 
understanding or ability to process of nutrition information, which may or may not translate to 
improved usability (40, 43). However, it is important to determine whether this graphical system 
can improve food choices in a realistic setting where factors such as taste, price, and even food 
appearance are simultaneously being considered by users (11). Therefore, the next aim was to 
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evaluate the efficacy of this graphical method to elicit behavior change in a realistic setting. 
Based on the findings from the first study, we hypothesized that meals purchased by patrons 
during graphical signposting would contain greater fiber and protein per calorie than those 
purchased when no nutrition information present or when nutrition information was signposted 
numerically. As there is evidence that presenting nutrient-specific information for too many 
nutrients can inhibit the effective use of nutrition information (15), a secondary objective of 
Study 2 was to determine if the graphical method was still able to effectively communicate 
nutrient content of foods when the complexity was increased through the addition of two 
additional nutrients, saturated fat and sodium.  
Study 2 
Methods 
Graphical signposting 
In addition to presenting fiber and protein per calorie two-dimensionally as in Study 1, 
data points were color coded using half-circles based on saturated fat and sodium content per 
calorie of foods to determine if content of additional nutrients could be effectively 
communicated using the graphical format (Figure 4.3b). Ratings were based on nutrient 
recommendations for these nutrients to reduce the risk of heart disease and stroke (66), where 
blue (low) represented content below the target recommendation from Table 4.1, yellow 
(medium) represented content between 1-2x the target recommendation, and red (high) 
represented >2x the target recommendation (Table 4.1, Figure 4.3b). These nutrients were 
deemed relevant due to their inclusion nearly all methods of simplified nutrition information 
(Table 2.1) and their nature of being nutrients to limit in the diet fits well with the proposed 
method of using a threshold-based color coding scheme to interpret their content within a food. 
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Experimental design 
A twelve-week field experiment was conducted to determine the efficacy of graphically 
presenting nutrition information to improve healthfulness of consumer food decisions in an a la 
carte style cafeteria on a university campus. To accomplish this, nutrition information was 
provided via signposting at the point of purchase using the graphical method and diner receipts 
were collected. Food purchases, including specific nutrient contents, were then compared to 
those of meals purchased during periods of nutrition facts panel signposting or no signposting at 
all. Predictors of nutrients purchased as well as consumer understanding of the graphical method 
of presenting nutrition information were identified using survey data.  
The study was conducted in an on-campus cafeteria at a university during the fall of 
2012. The café utilizes a planned menu with different food offerings every day, cycling every 
three weeks. Four entrée options, one starch side, two vegetable sides, and two desserts are 
planned for each menu day. Greens and specialty salads, fruit cups, and yogurt parfaits are 
available every day in the cafeteria. Nutrition information for each menu item in the café was 
determined using the café’s recipe database and manufacturer-provided information for 
ingredients used in recipes. The USDA National Nutrient Database for Standard Reference was 
used for items whose information is not provided by the manufacturer. Signposted items were 
categorized by the researchers as entrées, side items, or desserts. The cafeteria also offers the 
following items which are prepared the day of production: ‘daily special’ entrée, featured salad, 
side salad (pasta or mayonnaise based salads), soup du jour, and student test recipes. Since these 
dishes are not known in advance and many are prepared without recipe, nutrition information for 
these items could not be compiled and shown to customers. The cafeteria uses an a la carte style 
setup; food displays are present for customers as they make their food decisions near the 
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entrance of the café, orders are placed at a register, followed by a line of salads and sides on ice 
that customers can add to their meal. All food items are paid for at a second register at the end of 
the line. Nutrition information for menu items had never been collected or displayed in the 
cafeteria prior to the study. The nutrient content of items offered during the study are presented 
in Appendix B. 
Sales data for lunch meals was collected from patrons for twelve weeks, with the study 
consisting of four phases based on the cafeteria’s three week menu cycle (Figure 4.4) to limit 
variations in food offerings between phases.  No nutrition information was signposted during the 
baseline phase to establish values for normal sales of menu items before introduction of nutrition 
information into the cafeteria.  
Since nutrition information had never been signposted in the cafeteria before, it was first 
presented using nutrition facts panels (NFP). This phase served two purposes: 1) to understand 
how consumers respond to presentation of the nutrients of interest without the interpretation 
offered by the graphical method of presenting nutrition information and 2) to minimize any 
novelty effect of the initial introduction of nutrition information into the cafeteria from 
confounding specific effects of utilization of the graphical signposting method (Figure 4.4). 
During the NFP phase, nutrition information for available menu items was placed next to each 
item’s display immediately prior to where customers place their order in a nutrition facts panel 
style format (Figure 4.3a). A second three-week baseline (washout) period occurred between 
phases during which no nutrition information was presented to minimize the effects of NFP 
signposting carrying over into the graphical signposting phase.  During the graphical signposting 
phase, all menu items planned for the day appeared together on a single plot on a poster next to 
food displays (Figure 4.3b). All items which were offered every day in the cafeteria appeared 
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together on an additional plot next to the first to allow it to be reused every day. Photographs of 
the presentation of nutrition information at the point of purchase during NFP and graphical 
signposting are presented in Appendix C. The graphs shown for each menu day during the 
graphical signposting are presented in Appendix D.  
Instructions to use the graphical signposting method were also posted using a meal 
example similar to that seen in Figure 3.1. The instructions showed an example of how to select 
the food closest to the target, how foods can combine to form a meal, and why each nutrient was 
important to consider. To ensure customers of the cafeteria during the NFP phase received a 
similar level of instruction to those dining during the graphical phase, instructions describing 
how to use the NFP to manage a healthy weight were posted next to food items during the NFP 
phase. The instructions used a sample NFP to emphasize the same ideas seen in the graphical 
presentation of nutrition information: keeping calories in a healthy range, limiting sodium and 
saturated fat, and increasing fiber and protein, as well as the recommended daily values for these 
nutrients.  
Surveys were distributed to patrons during the final week of each phase to determine 
specific factors influencing purchasing behavior. Café patrons were provided information about 
the study when they paid for the meal, and willing participants would come to a booth where 
surveys were distributed. Surveys for all four phases included frequency of dining, sex, height, 
weight, education, age, and household income as demographic information. Interest in nutrition 
labels as well as which specific nutrients are of importance, interest in weight loss, and factors 
going into food decisions were also included. For the experimental phases, participants were 
asked to what degree nutrition information influenced their purchase. The survey used during the 
graphical signposting phase is shown in Appendix E. 
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Purchasing behavior was measured during survey collection using sales data from the 
cafeteria. Patron sales receipts from the lunchtime meal were attached to their survey and the 
meal’s nutrition content was determined by summing nutrition information of items whose 
information was available to be signposted. Nutrient compositions of meals as well as survey 
characteristics were then compared pairwise between both experimental phases and the no label 
phases. Meals containing any food item whose nutrition information was not available to be 
signposted, such as daily specials, were excluded from analysis, as an accurate assessment of the 
nutrient content of these meals could not be made. 
A final variable of interest, which was specific to the graphical phase of the experiment, 
was how well patrons understood the graphical method of presenting nutrition information. To 
determine subjective understanding, patrons were asked to indicate their level of agreement with 
the statement “I understood the nutrition graph”.  Objective understanding was determined by 
including a sample plot on the survey in addition to five multiple choice questions requiring 
specific interpretation of the plot. Patrons were asked to identify a food low in sodium and high 
in saturated fat, which entrée was lowest in calories, which food was rated highest in fiber, which 
was rated highest in protein, and a question requiring basic understanding of the properties of 
how foods combine to form a meal on the nutrition plot as shown in Figure 3.1 to help determine 
which aspects were most well understood. 
Participants were compensated with a $2 gift card for the cafeteria and were only allowed 
to complete the survey once during each study phase. This study was approved by the University 
of Illinois at Urbana-Champaign Institutional Review Board. 
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Data analysis 
All categorical survey variables, which included all variables except for Nutrition Interest 
(below), were analyzed using a chi-square test and column proportions were compared between 
study conditions using z-scores with Bonferroni corrections. Variables relating to nutrition 
interest were combined as a summary determinant labeled Nutrition Interest (NI) by summing 
the values of an individual’s Likert scale responses to four questions regarding nutrition label use 
when shopping, consciousness of monitoring weight, monitoring of daily caloric intake, and 
perceived value of nutrition information in the cafeteria. Nutrition Interest had a range of 0 
(lowest) to 16 (highest) (Table 4.2). This construct had a Cronbach alpha of 0.72 and was 
compared between groups using analysis of variance (ANOVA). 
Patron meal choices 
To determine overall patron meal purchasing behavior, mean total calories and nutrients 
purchased from signposted items per survey participant meal were analyzed and compared 
between study phases using analysis of variance (ANOVA). This measurement primarily reflects 
the sum of choices made by patrons when deciding on a meal, including which item to order as 
well as whether or not to order a certain item type, such as a side or dessert. Data for sales of 
entrees, side items, and desserts were individually analyzed in addition to total meal purchases. 
To account for the patrons who did not order an item from a certain food category, a value of 0 
calories or nutrients purchased from that respective category was assigned to that meal to reflect 
the choice made to abstain from ordering that item. Pairwise comparisons were completed using 
Bonferroni post-hoc analysis.  
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Nutrient content of selected items 
As the nutrients plotted two-dimensionally on the nutrition plot (fiber and protein per 
calorie) were the primary interest of the study, mean fiber and protein content per calorie of 
items ordered were also analyzed to see if signposting led to selection of items more highly rated 
on the nutrition plot. This measurement reflected changes in nutrient content of specific items 
purchased by patrons rather than choices made with regard to whether or not to order an item 
from a certain category. The protein and fiber content per calorie of total meals and entrées are 
calculated for each individual and analyzed by ANOVA.  To account for the large number of 
patron meals which did not contain side or dessert items, protein and fiber content per calorie for 
these food categories are presented as aggregate means using the below equation because sides 
or desserts which were not purchased could not be assigned a nutrient per calorie value. Due to 
the aggregate nature of the data, statistics were unable to be calculated for these two food 
categories.  
Mean nutrient content of sides or desserts = ((Ʃ nutrient purchased/Ʃ calorie 
purchased)/number of patrons within a group) 
Determinants of nutrients purchased 
Determinants of nutrients purchased were analyzed using multiple regression with mean 
calories or nutrient content per calorie of food items purchased per receipt as the dependent 
variable. Survey determinants included in the model can be grouped into three categories: 
demographic, nutrition interest, and purchase characteristics (Table 4.2). One variable which is 
not included in this regression is education level. Initial regression analyses revealed no 
significant effect of education level on calories or nutrients purchased, so it was removed from 
the final model specification. However, the university affiliation variable (student, faculty, staff, 
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etc.) still likely picks up differences in education, should they exist. The impact of inclusion or 
exclusion of numerous survey variables on model fit is shown in Appendix F; age, gender, 
weight, and nutrition interest were accounted for in all models tested. 
The equation used to model calories purchased (total, entrée, side item, and dessert 
calories purchased were each modeled) or nutrient amount purchased (NP) by individual i is 
below. β0 refers to the intercept while β1… β16 refer to the effects of the respective variables 
listed in Table 4.2 on nutrient content of meals. The adjustments to the model shown in 
Appendix F show very little impact on fit; the model below allowed the most comprehensive 
inclusion of variables without a corresponding sacrifice in Adjusted R
2
.  
Calories (Nutrient) Purchasedi = β0 + β1Graphicali + β2NFPi + β3Freqi + β4Femalei + 
β5Overweighti + β6PurchaseThoughti + β7NIi + β8Tastei + β9Healthi + β10Age25-34i + β11Age35-
60i + β12Age>60i + β13Undergraduatei + β14Graduatei + β15Staffi + β16Facultyi + εi 
Understanding of graphical signposting 
Subjective understanding was analyzed by comparing the amount of participants who 
somewhat or strongly agreed with the statement “I understood the nutrition graph” to the amount 
of participants who either somewhat or strongly disagreed or failed to agree/disagree. Objective 
understanding was analyzed by determining the number of multiple choice questions requiring 
use of the nutrition plot which were answered correctly. 
All analyses were performed using PASW statistics version 18 (SPSS Inc, Chicago, IL), 
with statistical significance defined at α of 0.05. 
Results 
Characteristics of cafeteria patrons are presented in Table 4.2. A total of 696 meal 
receipts and surveys were collected from patrons during the study period. Respondents who 
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ordered a food item whose nutrition information was not signposted were excluded from analysis 
(n=334), bringing the final sample size to 362. No significant differences in nutrient content were 
found between meals purchased during the baseline and washout phases, so these phases were 
combined into a single “no label” group for analysis. The number of patrons ordering a non-
signposted item did not differ between study phases. For survey questions which asked 
participants to rate their level of agreement to a statement using a Likert scale, proportion of 
those agreeing or strongly agreeing to a statement are shown. No significant differences for any 
variables included in analysis were found between diners among the different study phases 
except for “put considerable thought into purchase”, which participants agreed with more often 
on their surveys during the graphical phase than the NFP phase (p=0.04). In general, the study 
population was well distributed between sex, age group, weight status, and affiliation. The 
cafeteria uses fixed prices for each category of menu item, accounting for the low proportion of 
patrons listing price as a factor in their purchase decision. Most patrons ate lunch in the cafeteria 
at least once a week, allowing repeated exposure to each signposting format. Self-reported 
nutrition label use by patrons was 85% and represents that of the general population, which is 
also 85% (75). Patrons scored an average of 11.6 out of 16 for Nutrition Interest.  
Effect of signposting on nutrient content of patron meals  
A summary of meals ordered by patrons is shown in Table 4.3. A majority of patron 
meals contained an entrée during each study phase (Table 4.3). The proportion of meals 
containing a side item was much smaller, ranging from 50-62%. Very few patrons ordered 
dessert during any study phase. The proportion of patrons ordering entrées, side items, or 
desserts did not differ between study conditions.  
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Signposting information using NFP did not result in a change in calories purchased for 
total meal, entrée, side, or dessert calories compared to purchases when no nutrition labels were 
present (Table 4.3). However, signposting nutrition information using the graphical format 
resulted in 16% fewer total calories purchased per cafeteria patron compared to sales when no 
nutrition information was present (p<0.01) and 20% fewer calories purchased per meal compared 
to NFP purchases (p<0.01).  
Changes in calories ordered from both entrées and sides purchased were contributors to 
the changes in total calories ordered when information was signposted using the graphical 
format. The mean calories purchased from entrées during the graphical phase was 10% less than 
purchases when no label was present (p<0.05) and 13% less than purchases when NFP were 
present (p<0.01). Side items showed a larger percentage difference in calories ordered between 
conditions, with the graphical phase showing 43% and 47% fewer calories ordered from side 
items compared to no label and NFP conditions, respectively (p<0.001). No difference was seen 
between calorie content of desserts ordered. 
There was no difference in total grams of protein ordered per meal between study 
conditions (Table 4.3). No difference in grams of fiber ordered for total meals or entrées was 
found between study conditions, although total fiber purchased from side items was significantly 
lower in the graphical condition than the NFP condition (p<0.05). Total grams of saturated fat 
purchased per meal during the graphical condition was 38% and 33% lower than NFP and no 
label conditions, respectively, which can be seen as changes in both entrée and side item 
saturated fat content (Table 4.3). Mean sodium purchased did not differ between conditions.  
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Protein and fiber content per calorie of items selected by patrons 
As a primary efficacy outcome of the study was to determine if the graphical signposting 
method led to selection of items that were more highly rated on the nutrition plot, the protein and 
fiber content per calorie of consumer purchases is summarized in Figure 4.5 in the nutrition plot 
format. The average protein content per calorie of meals purchased during the graphical phase 
was 25.2 grams per 500 calories, which exceeds the target minimum for protein on the graph and 
was 23.8% greater than meals ordered when no label was present (p<0.001) and 20.2% greater 
than meals ordered during the NFP phase (p<0.01). This change largely came from increases in 
protein per calorie of entrées ordered, which was an average of 16.9% higher in meals during the 
graphical phase relative to the no label phase (p<0.001) and 16.5% higher relative to the NFP 
phase (p<0.01) (Figure 4.5). Fiber density per calorie did not significantly differ between 
conditions for total meals or entrées (Figure 4.5). There was a visible improvement of protein 
and fiber content per calorie of side items during graphical signposting compared to no label and 
NFP signposting, which can be seen in the shift from yellow (no label and NFP) to green 
(graphical) ratings on the plot in Figure 4.5. Nutrient content per calorie of desserts were similar 
between study conditions (Figure 4.5). 
Predictors of meal nutrient content based on regression analysis 
The regression results for total, entrée, side, and dessert calories purchased are shown in 
Table 4.4. Graphical signposting remained one of only three variables, alongside gender and NI, 
with a significant impact on total calories purchased. Relative to the no label baseline, the 
graphical signposting condition resulted in 121 fewer calories purchased per person, on average. 
The change in total calories purchased during graphical signposting appears to be driven by a 
significant decrease in side item calories purchased during this study phase (62 fewer side item 
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calories purchased, on average). This decrease in calories purchased from side items is likely to a 
combined effect of lower calorie side items being chosen by patrons and fewer patrons choosing 
to purchase a side item; the mean calorie content of side items purchased by patrons during the 
graphical phase was 112, which was 88 and 95 fewer calories than no label and NFP conditions, 
respectively (p<0.001), although the difference in percentage of patrons choosing to purchase a 
side item did not reach statistical significance between conditions (Table 4.3). 
Nutrition Interest also impacted calories purchased. Table 4.4 shows that for every one 
unit increase in nutrition interest (e.g., a person is more interested in monitoring their weight, 
calorie intake, etc.), total calories purchased decreases by 18.25 calories per person, on average. 
The standard deviation for NI was 3 while the range was 0-16, suggesting typical differences in 
NI accounted for a change of 55 calories but could account for up to 292 calories between 
extremes. This effect appears to be strongest in the choice of main entrée, as the NI coefficients 
for side item and dessert calories are small in magnitude and statistically insignificant.  
Gender was the only demographic variable that had significant impact on calories 
purchased, with women purchasing fewer total, entrée, and side calories than men, reflecting the 
difference in participant body weight between genders (79 kg and 68 kg for men and women, 
respectively, p<0.001). Overweight or obese patrons tended to purchase more total calories than 
normal or underweight patrons (marginally significant, p-value=0.06). While many diners 
responded that the signposted nutrition information influenced the healthfulness of their 
purchases on their surveys (Table 4.2), this measure was not included in the regression. A 
univariate regression using this variable was not significant, suggesting the variable had no effect 
on calories or nutrients purchased. 
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Regressions for protein per calorie ordered revealed that graphical signposting accounted 
for the major change in in total and entrée protein per calorie purchased and was the only 
variable to account for any effect. Regressions for side and dessert protein per calorie ordered did 
not reach significance (Table 4.5). No other nutrients showed significant differences across 
treatments in regression analysis; thus, these results will not be discussed in further detail. 
Understanding of graphical signposting 
The graphical method of communicating nutrition information was well understood both 
subjectively and objectively without any individual instruction provided to survey respondents 
(Table 4.6). The large majority of participants agreed or strongly agreed with the statement “I 
understood the nutrition graph” (83.8%). Responses to multiple choice questions requiring use of 
the nutrition plot reflected an even greater understanding than patrons indicated in the subjective 
assessment, as patrons answered with greater than 85% accuracy for all individual questions and 
94.4% of respondents provided 4 or more correct answers (out of 5). Identifying the food on the 
nutrition plot that was highest in protein was the most accurately answered question (97.2% 
accuracy), while using the color-coded half circles to identify sodium and saturated fat ratings 
was the question answered incorrectly most often (86.6% accuracy).  
Discussion 
This work supports the validity of graphically presenting nutrition information two-
dimensionally by demonstrating related improvements in memory of nutrition information as 
well as influence of the desired behavior change in a realistic environment. It is likely that the 
graphical format of visualizing nutrient content of multiple foods side-by-side facilitated quick 
food comparisons in time constrained settings, contributing to the significant changes in 
purchasing behavior. The nutrients selected to present graphically in this study were focused on 
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weight management. The method successfully achieved its goal of influencing purchases toward 
foods more dense in these nutrients per calorie; patron food choices during graphical signposting 
were more highly rated on the nutrition plot by virtue of a decrease in calories purchased while 
the total protein and fiber purchased was maintained. These results are promising and have 
potential in other applications where information of a small group of key nutrients is needed to 
improve dietary behavior, such as vitamin D and calcium for bone health. 
Specifically, study participants responded well to graphical information for protein per 
calorie both in the memory test as well as and with purchases in the cafeteria. Despite its 
emphasis on the x-axis of the nutrition plot, no significant effect was found on fiber content per 
calorie purchased. The variety in fiber content of entrée choices in the café was very limited, 
which is likely to have contributed to this finding. It is also possible that information presented 
on the y-axis of the nutrition plot is easier for users to distinguish and utilize than information on 
the x-axis. An alternative explanation is that protein holds greater importance to the study 
population than fiber, which was reflected in survey responses which showed that protein was 
marked as a nutrient of interest on 24.9% of surveys while fiber was only marked on 17.7% of 
surveys (Appendix G).  
In this study, side items seemed to be the food choice in which nutrition information was 
able to most strongly influence behavior change while interest in nutrition was a stronger 
predictor of entrée choice.  This is the opposite result of that seen in a recent study where calorie 
content of restaurant menu items were color-coded using a traffic light scheme and found that 
signposting had a larger influence on entrée calories purchased than side calories (12), although 
the finding that customers interested in nutrition order fewer calories from entrées is consistent 
between studies. As many participants in the present study were frequent visitors of the cafeteria 
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and the cafeteria had a recurring menu, it is possible that individuals came to the cafeteria with 
the intent to purchase a specific entrée, minimizing the potential impact nutrition signposting 
could have on entrée choice, whereas side item choice may have been less premeditated. Side 
items also showed the largest divergence on the nutrition plot; the spatial distance between the 
starchy side and steamed vegetable side, both offered daily in some form, on the plot were 
greater than any other two similar food choices (as seen in Figure 4.3b – California Blend vs. 
Mashed Red Skin Potatoes), which may have led to a greater motivation to select the more 
highly rated item. This is a potential strength of displaying nutrition information side by side of 
foods in a graphical format, as numerical signposting of nutrition information did not lead to a 
change in nutrient content of side items purchased.  
The study presents a new finding with regard to the effectiveness of using a multiple-
traffic-light format to aid in the comparison of nutrient content of numerous foods. This color 
coding format is often demonstrated as the most effective in helping consumers understand 
nutrition information when using simulations where a small number of items are compared, but 
no studies exist that show its effectiveness in facilitating comparisons of larger number of foods 
in more realistic settings (37). The present study shows that presenting saturated fat and sodium 
content per calorie of foods as color coded half circles in a multiple-traffic-light style produced 
less pronounced results than those seen for protein per calorie. While total saturated fat 
purchased decreased during graphical signposting compared to the two comparison conditions, 
these results were not supported through regression modeling and sodium purchased did not 
change relative to the comparison conditions. Thus, it is possible that while the multiple-traffic-
light style is easily understood and applied in simulations comparing two foods (37), it is more 
difficult to use and apply when comparing a greater number of foods when time is a limitation. 
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Another explanation is that consumers react more strongly in this setting to nutrition information 
when it leads them to which foods are the best choices rather than which foods to avoid. This is a 
relatively unexplored area of simplified nutrition information as, to our knowledge, no tools have 
been tested which interpret content of specific nutrients to encourage in the diet relative to 
recommendations.  
It was surprising that no effect on calories purchased was seen when nutrition 
information was presented using Nutrition Facts Panels despite the study population being well 
educated, interested in nutrition information (86% said they look at labels when shopping, with 
calories as the most listed nutrient of importance), and not having previous access to the nutrition 
information of the café’s menu. Given the complex series of math that must be done by 
consumers to utilize numeric nutrition information when considering multiple nutrients or how 
foods interact as a meal, it is unrealistic to expect this information to influence behavior when 
nutrition is not at the top of consumer priorities. Indeed, despite 86% of participants saying they 
would value nutrition information if it was signposted, only 28% of participants ranked health as 
the most important factor in their food decisions. This suggests that any interest in nutrition often 
becomes secondary to other factors in realistic settings and is consistent with results from 
previous studies about consumer food decisions (11, 69). Thus, finding a way to lead those 
interested in nutrition toward healthy food choices without requiring healthfulness to be at the 
forefront of an individual’s mind may be a key intervention point at improving consumer health. 
The results from this study indicate the importance of providing users with nutrition information 
for a small group of key nutrients of interest in a format that makes food choices faster and less 
thought intensive rather than simply providing numerical nutrient information.  
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The main strength of this study was a comprehensive study design which included two 
comparison groups, a realistic setting, collection of data before and after introduction of nutrition 
information, and objective measurement of purchase behavior. In addition, the study utilized 
questionnaires to determine self-reported usefulness and understanding of nutrition information 
as well as sales data to objectively determine the impact of signposting on consumer purchases. 
By collecting both types of data, we were able to show through regression analysis that perceived 
influence of nutrition information on healthfulness of purchases had no effect on calories 
purchased for either signposting format despite these types of outcomes being used as an 
endpoint measure of nutrition labeling effectiveness in many studies. Thus, this study is in line 
with methodological recommendations for measuring impact of simplified nutrition information 
on behavior (70) and contributes to the growing body of literature discussed in Hersey’s review 
(11) underlining the importance of measuring objective impact of simplified nutrition labeling on 
consumer behavior rather than self-reported preference or use. 
A limitation of this study is its longitudinal design localized to one cafeteria. Although 
using the café’s 3-week menu cycle helped control for variation in food items offered between 
signposting phases, patrons were only presented nutrition information using each signposting 
method one time for each menu day. Thus, patrons presented nutrition information via nutrition 
facts panels would not see that same food offered until the next study phase and NFP signposting 
effects may have lingered beyond the NFP signposting itself. While a washout phase was used to 
limit carryover effects from NFP to graphical signposting, a crossover design utilizing two 
cafeterias during the same time period would have more clearly elucidated the effects of each 
signposting method.  
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Another limitation of the study was the high education level of the study population. All 
but one participant had attained at least a high school degree, with many being graduate students 
and faculty.  However, the relevance of the results is still strong, as 43% of the study population 
was overweight or obese. In addition, a recent qualitative study done using focus groups of low 
income, urban minority groups to determine fast food calorie label use reveals that, while many 
factors influencing food choices are outside the scope of nutrition labeling (preference, 
convenience, etc.), many participants did not use the labeling because they either did not 
understand the calorie numbers in the context of a healthy meal, did not have time to think about 
each food’s calorie content, or the calorie label itself was unclear (76). Displaying nutrition 
information of foods on a menu side by side in a visual manner alongside a target, such as the 
method used in this study, could serve to alleviate some of these modifiable barriers identified 
from the focus groups. Further testing of this graphical method in more diverse populations and 
settings is warranted to determine its efficacy as a tool for the general public. 
Conclusions  
This study has shown the efficacy of a graphical presentation of nutrition information 
using a color coded two-dimensional plot in facilitating healthful consumer purchases. The 
method was well understood and effective at improving recall and promoting the desired 
behavior change in a realistic setting, supporting future work with the tool in more diverse 
settings. More broadly, the study indicates that visually presenting quantitative nutrition 
information for select nutrients relative to a target intake is promising as an approach to make 
nutrition information quickly usable to consumers in time constrained settings. 
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Figure 4.1. Example nutrition information provided to the visual group (a) and table group (b).  
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Figure 4.2. Mean number of correct answers provided by cued recall study participants for fiber 
and protein content of foods (30 possible) compared between table (n=30, open bar) or visual 
study conditions (n=31, gray bar). ** Statistically significant (p<0.01, independent t-test). † 
Approached statistical significance (p=0.085). Error bars represent one SD.  
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Figure 4.3. Method of signposting nutrition information at point of purchase in cafeteria for NFP 
phase (a) and graphical phase (b). NFP: Nutrition Facts Panel. 
  
a b 
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Figure 4.4. Study timeline based on cafeteria’s repeating 3-week menu cycle. Each phase 
consisted of one 3-week menu cycle to ensure the same foods were offered during each phase. 
Data were collected during the third week of each study phase. NFP: Nutrition Facts Panel. 
  
Weeks 1-3 Weeks 4-6 Weeks 7-9 Weeks 10-12 
    
Baseline NFP Washout Graphical 
 Surveys collected 
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Figure 4.5. Mean nutrient content of entrées (white), side items (dashed), desserts (gray), and 
total meals (black) purchased during nutrition facts panel signposting (triangle), graphical 
signposting (square), or no nutrition signposting (circle). Error bars represent one standard error. 
Due to the large number of patrons abstaining from ordering sides or desserts, these data points 
only show aggregate means with no other statistical analysis as described in Methods.  Letters 
indicate significant differences between study conditions within each food category (p<0.05, 
ANOVA). Fiber per 500 calories did not significantly differ between study conditions for any 
food category. 
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Table 4.1. Nutrient content specifications used for target square and data point color coding. 
Nutrient Target 
Consensus 
Recommendation
a
 
Fiber (g/100 kcal)* 1.4-2.8 >14 grams per 1000 kcal 
Protein (% kcal)* 16-32 10-35% of total kcal 
Saturated + trans-fat (% kcal)** <10 < 10% of total kcal 
Sodium (mg/100 kcal)** <100 < 2300 mg per day
b
 
*Recommendations represented by the target square 
**Recommendations used to determine half-circle color coding of data points 
a
 Compiled from Dietary Guidelines for Americans 2010 and Dietary Reference Intakes 
b
 Listed value refers to Upper Level of intake 
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Table 4.2. Characteristics of study population
a
. 
Variable 
No label
b
 
(n=209) 
NFP  
(n=79) 
Graphical 
(n=74) 
Demographic 
   
     Female 59% 56% 62% 
     Aged 18-24  21% 32% 19% 
     Aged 25-34 38% 38% 45% 
     Aged 35-60 35% 25% 26% 
     Aged 60+ 6% 5% 11% 
     Overweight or obese (BMI>25) 43% 42% 46% 
     Undergraduate student 12% 17% 18% 
     Graduate student 31% 44% 34% 
     Staff  36% 22% 34% 
     Faculty 17% 14% 8% 
     Other 3% 4% 7% 
     Education (at least some college or more) 96% 99% 97% 
     Frequent diners
c
 63% 72% 70% 
Nutrition Interest 
   
     Use nutrition labels when shopping
d
 84% 87% 86% 
     Consciously monitoring weight
d
 75% 73% 76% 
     Monitoring daily calories
d
 56% 52% 59% 
     Would/did value nutrition information in Café
d
 85% 87% 89% 
     Nutrition Interest (sum of above 4   responses, 
range  0 (lowest) to 16 (highest))*  
11.5 11.6 11.9 
Purchase Characteristic 
   
     Put considerable thought into purchase
d
 68%
x,y
 58%
x
 77%
y
 
     Taste most important 60% 60% 69% 
     Health most important 25% 27% 22% 
     Price most important  9% 9% 5% 
     Recommendation most important 1% 4% 4% 
*indicates continuous variable; unmarked variables are categorical 
a 
Superscript x and y denote significant difference between groups (chi-square test for categorical 
variables, ANOVA for continuous variables; p<0.05) 
b 
Baseline and washout conditions were combined into one No Label category, as no significant 
differences were found in nutrients purchased between these conditions
 
c
 patrons visiting at least once/week 
d 
sum of agree or strongly agree 
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Table 4.3. Number of meals containing entrée, side, or dessert items and nutrients purchased per 
meal based on diner receipts
a
. 
  No Label 
(n=209) 
NFP 
(n=79) 
Graphical 
(n=74) 
Number of meals containing item type (%)    
     Entrée 192 (92) 76 (96) 70 (95) 
     Side 122 (58) 49 (62) 37 (50) 
     Dessert 29 (14) 9 (11) 7 (10) 
Mean calories ordered (kcal)       
      Total meal 782
x
 827
x
 658
y
 
      Entrée 585
x
 632
x
 544
y
 
      Side 115
x
 131
x
 56
y
 
      Dessert 82 63 58 
Mean protein ordered (g)       
      Total meal 30.0 33.3 30.1 
      Entrée  27.6 30.4 28.1 
      Side  2.0 2.6 1.7 
      Dessert  0.3 0.3 0.2 
Mean fiber ordered (g) 
   
      Total meal 6.2 6.6 5.1  
      Entrée  3.6 3.6 3.4 
      Side 2.3
xy
 2.8
x
 1.5
y
 
      Dessert  0.3 0.3 0.2 
Mean saturated fat ordered (g) 
   
      Total meal 15.0
x
 16.0
x
 10.0
y
 
      Entrée  11.8
x
 13.0
x
 8.0
y
 
      Side 1.3
xy
 1.5
x
 0.5
y
 
      Dessert  1.9 1.4 1.5 
Mean sodium ordered (g) 
   
      Total meal  1313 1273 1289 
      Entrée  1098 1066 1150 
      Side  173 183 103 
      Dessert  42 24 35 
NFP: Nutrition Facts Panel 
a 
Superscript x and y denote significant difference between groups (ANOVA, p<0.05) 
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Table 4.4.  Regression for predictors of total, entrée, side, and dessert calories ordered. 
  Total Entrée Side Dessert 
Variable Estimate (B) Estimate (B) Estimate (B) Estimate (B) 
Intercept 1053** 768.4** 172.7** 111.6 
 Std. Error (119.4) (86.2) (54.6) (81.1) 
Graphical -121.0** -40.2 -62.0** -18.8 
  (40.6) (29.3) (18.6) (27.6) 
NFP 31.3 40.0 13.5 -22.2 
  (39.8) (28.8) (18.2) (27.1) 
Frequent Diner -8.40 12.9 -7.7 -13.7 
  (33.5) (24.2) (15.3) (22.7) 
Female -125.0** -64.2** -50.2** -10.6 
  (33.4) (24.2) (15.3) (22.7) 
Overweight or obese 65.9 23.0 22.9 20.0 
  (34.9) (25.2) (16.0) (23.7) 
Considerable purchase 
thought -46.5 -47.6 -3.2 4.3 
  (38.0) (27.4) (17.4) (25.8) 
Nutrition Interest (NI)a -18.3** -15.8** -2.6 0.1 
  (6.2) (4.5) (2.9) (4.2) 
Value taste
b
 80.8 59.8 20.4 0.7 
  (51.4) (37.1) (23.5) (34.9) 
Value health
b
 42.8 44.4 51.4 -53.0 
  (57.5) (41.5) (26.3) (39.1) 
Age 2 (25-34)
c
 44.8 22.3 7.0 15.5 
  (52.7) (38.1) (24.1) (35.8) 
Age 3 (35-60)
c
 116.8 40.8 18.2 57.9 
  (70.5) (50.9) (32.3) (47.9) 
Age 4 (60+)
c
 -9.5 27.4 -14.9 -22.0 
  (91.8) (66.3) (42.0) (62.4) 
Undergraduate Student
d
 -76.4 -40.3 -1.2 -34.9 
  (97.6) (70.5) (44.7) (66.3) 
Graduate Student
d
 -56.7 -7.4 -34.2 -15.1 
  (84.7) (61.1) (38.8) (57.5) 
Staff
d
 -107.5 -8.1 -26.7 -72.6 
  (80.8) (58.4) (37.0) (54.9) 
Faculty
d
 -139.7 -24.5 -69.3 -45.9 
  
(86.9) (62.7) (39.8) (59.1) 
Number of Observations 341 341 341 341 
R2 0.17 0.15 0.11 -0.01 
** and * denote levels of 1% and 5% statistical significance in the regression model, 
respectively. All significant variables in this model were at the 1% significance level. 
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(Table 4.4 cont.) 
NFP: Nutrition Facts Panel 
a
 NI ranged 0 (low) to 16 (high) 
b
 compared to “value recommendation” and “value price” 
c
 compared to diners who were 18-24 years old 
d
 compared to “other” 
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 Table 4.5. Multiple regression for predictors of total and entrée protein per 500 calories ordered. 
  Total 
 
Entrée 
 
Variable 
Estimate 
(B) 
Std. 
Error 
Estimate 
(B) 
Std. 
Error 
Intercept 22.3** 3.6 29.2** 4.0 
Graphical 5.0** 1.2 4.3** 1.3 
NFP 0.9 1.2 1.1 1.3 
Frequent Diner 1.0 1.0 1.3 1.1 
Female 0.6 1.0 -0.6 1.1 
Overweight or obese -1.2 1.1 -0.1 1.2 
Considerable purchase thought -0.7 1.1 -1.4 1.3 
Nutrition Interest (NI)
a
 0.1 0.2 -0.2 0.2 
Value taste
b
 -1.0 1.5 -1.2 1.7 
Value health
b
 0.4 1.7 -0.1 1.9 
Age 2 (25-34)
c
 -0.4 1.6 0.8 1.8 
Age 3 (35-60)
c
 -3.7 2.1 -1.9 2.3 
Age 4 (60+)
c
 -1.5 2.8 -0.2 3.0 
Undergraduate Student
d
 -3.2 2.9 -4.1 3.2 
Graduate Student
d
 -2.7 2.5 -4.5 2.8 
Staff
d
 0.5 2.6 -3.8 2.9 
Faculty
d
 1.4 2.4 -0.8 2.7 
Number of observations 341 
 
341 
 
R
2
 0.09  
0.07 
 
     
** and * denote levels of 1% and 5% statistical significance in the regression model, 
respectively.  
NFP: Nutrition Facts Panel 
a
 NI ranged 0 (low) to 16 (high) 
b
 compared to “value recommendation” and “value price” 
c
 compared to diners who were 18-24 years old 
d
 compared to “other”  
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Table 4.6. Survey participant understanding of graphical signposting method (n=142). 
Survey Measurement 
 
N (%) 
Agreed or strongly agreed with statement “I understood the nutrition 
graph”  119 (83.8) 
Objective understanding 
 
Correct responses (%) 
     Which item is low in sodium and high in saturated fat? 
 
123 (86.6)  
     Which entrée is lowest in calories? 
 
133 (93.7) 
     Which food item is rated highest in protein 
 
138 (97.2) 
     Which food item is rated highest in fiber? 
 
133 (93.7) 
     Which food would be the best choice to combine with the 
         Jerk Chicken
a
 to create a meal balanced in the target area 
         of fiber and protein? 
 
136 (95.8) 
     Answered all 5 correctly 
 
111 (78.2) 
     Answered ≥ 4 correctly 
 
134 (94.4) 
a
 referred to a high protein, low fiber entrée from the cafeteria menu 
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Chapter 5: Development and formative evaluation of graphical 
nutrition education software 
 
 
 
Abstract 
It is difficult for consumers to understand nutrition information in the context of a healthy 
meal or diet. A method of two-dimensionally plotting fiber and protein content per calorie of 
foods relative to target recommendations was previously developed. The method is able to plot 
many foods at once in the same format to aid food comparisons and also visualize how foods 
combine to form a meal to support dietary education. However, its use is impractical without a 
method of automating the plotting of foods and meals for users. The objectives of this work were 
to develop a software tool based on this graphical method of presenting nutrition information 
which is usable for applied settings, such as dietary counseling, and conduct feasibility testing of 
software in the target market. Local practicing health educators (n=8) were recruited to test the 
software features. Formalized quantitative and qualitative feedback was collected via a survey 
which included questions targeting usability (user interface, data entry, profile tools, navigation) 
and functionality (usefulness of current features, improvements to be made, helpful features not 
currently present on the software). The primary features of the software, such as plotting nutrient 
content graphically, color coding of the graph, and visualizing meal formation, were highly rated 
by users. Data entry/retrieval and a graph to monitor weight were the most consistently disliked 
and difficult to use features. Qualitative feedback provided specific direction in how to improve 
the software. The results of this work helped to determine the value of the software tool to the 
target end users and identify how the prototype can be improved to create a workable application 
that is able to be used for larger scale studies. 
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Introduction 
The graphical method used to show nutrition information was shown to be effective in 
the studies previously discussed. However, its use is impractical without a method of automating 
the plotting of foods and meals for users. The next objective was to create software focused on 
helping health educators communicate nutrition information to clients. This application was 
selected for several reasons. First, it has been shown that small, cumulative dietary changes 
provide improved long-term success for weight management (77). Given the improvements in 
memory and behavior we previously identified when graphically presenting nutrition 
information, the visual tool could go great lengths in helping users understand how their diets fall 
relative to recommendations and provide a great medium for communicating how small, 
personalized changes can impact the diet. Second, inadequate health literacy can be a barrier to 
the effective understanding and utilization of nutrition information (78). This barrier can 
potentially be overcome by displaying information in a way that requires little background 
understanding, such as using a color coded graph, rather than requiring reliance on numerical 
information. Another potential feature of the graphical method that would find use in dietary 
counseling is the visualization of dietary intake relative to recommendations, as this may 
increase motivation of users to sustain dietary improvements. Dietary changes are often made to 
elicit a health outcome, but these health outcomes typically take some time to occur and 
sometimes may not respond as anticipated, which can be a barrier to continuation of the behavior 
change (79) . Graphically displaying dietary change relative to recommendations may provide 
interim motivation to continue behaviors until clinical outcomes can be perceived. Thus, dietary 
counseling serves as an ideal setting in which to test the effectiveness of the graphical tool to 
facilitate communication of dietary advice. 
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In creation of new educational tools or programs, formative research provides a critical 
first step to ensure the tool is appropriate for its intended use and to support future work with the 
tool (80).The primary objective of the formative research in the current study was to create 
prototype software which graphically plots nutrient information of food in an intuitive manner. 
Additional software features were developed to provide feedback and motivation to users as well 
as facilitate communication between health educator and client, as interactive technology has 
been shown to improve behavior change in some clinical settings (81). After completion of a 
software prototype, we collected feedback from an expert panel of practicing health 
professionals to determine the efficacy of the web application as a useful tool for diet counseling. 
The project goals were to 1) determine the value of the software tool to its target end users and 2) 
identify how the prototype can be improved to create a workable application that is able to be 
used for larger scale studies. Understanding the value the software has in its target market will 
provide a sound basis for future developmental directions and lay the groundwork for applied 
studies which include dietary modification or weight loss.  
Methods/participants 
Development of the software 
The Fiber-Protein 2-Dimensional, or FP2D, software was developed to automate the 
plotting of foods based on their fiber and protein content per calorie relative to 
recommendations. The features selected to include in the software development were aimed at 
supporting the software goal of aiding dietary counseling. The software was developed as a web 
application by students at the University of Illinois at Urbana-Champaign using the Ruby on 
Rails framework. The homepage of the FP2D website is shown in Figure 5.1.  
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The software is a dietary tracking tool which uses a nutrition plot to communicate all 
dietary intake data relative to recommendations rather than using numerical information. The 
application has two primary features: the nutrition plot and the user profile. The nutrition plot (a. 
in Figure 5.1) is where users navigate to enter consumed foods or meals, change details about 
meals, and view summaries of historical data. The user profile (b. in Figure 5.1) is where users 
navigate to edit account information such as activity level, weight, or height. The profile is also 
where dietitians manage their client base; they can adjust each client’s weight loss goals, view 
client dietary intake data on the nutrition plot, invite new clients, and view a graph of client’s 
weight history relative to recommendations. 
The nutrition plot page of the FP2D software is shown in detail in Figure 5.2. Foods are 
plotted based on fiber content per calorie (x axis) and protein content per calorie (y axis), with 
the dark green square in the center of the plot representing 1-2x the dietary recommendations for 
those nutrients as previously discussed  (Chapter 2). The green square lightly-outlined near the 
target square represents a personalized weight loss target based on the user’s calorie goals 
(Figure 5.2a), as recommendations for fiber and protein are both provided on per-calorie basis. 
Thus, as an individual’s calorie needs decrease for weight loss, the target square will move 
toward the upper right area of the plot to encourage users to maintain their fiber and protein 
intake while decreasing calories consumed.  
Users can enter food intake for meals as seen in Figure 5.2. Selecting a meal (Figure 
5.2b) will allow users to add foods from the FP2D database (Figure 5.2c), which will then be 
plotted on the color-coded graph. The FP2D utilizes data from the USDA National Nutrient 
Database for Standard Reference release 27 (http://ndb.nal.usda.gov/ndb/). Data points are color 
coded based on which area they are plotted rather than based on saturated fat and sodium 
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content. The color coding of data points based on content of saturated fat and sodium were the 
least understood aspects of the graphical system in the previous study and also are not directly 
relevant to the weight management focus of the FP2D software, so were not included in 
development. As foods are added, a data point appears on the plot representing the fiber and 
protein content per calorie of the entire meal being entered (Figure 5.2d). Lines connect each 
food’s data point to the meal to visualize how they combine, with the meal data point moving as 
foods are added, removed, or substituted to represent the change in nutrient content. This is the 
primary interactive feature of the FP2D software to help users create balanced meals that fit the 
target recommendations. The circle size of data points increases as the calorie content of a 
selected food increases to visualize to users the impact a food will have on a meal. Calorie, fiber, 
and protein content of foods are also listed numerically in the right-hand panel of the page, as 
well as a summary of the meal’s nutrient content, total intake for that day, and total calorie goals 
for the day to provide users feedback. 
 The FP2D software can summarize dietary intake in several ways using the “summary” 
tab of the nutrition plot page to help users quickly identify areas of improvement in the diet. As 
shown in Figure 5.3, users can select the time period of data shown (Figure 5.3a) and the type of 
data shown (Figure 5.3b). Figure 5.3 shows a week’s worth of dietary intake using meals as the 
data point to identify which meals are most successful for the user and which are most 
problematic. Time period choices include daily, weekly, and monthly summaries, while data 
points can be shown as individual foods, meals, or daily intakes. 
 The FP2D software utilizes two account types: an educator account and a client account. 
Client accounts are assigned to their respective educator so that the educator can view their client 
food intake and profiles to supplement feedback, educations, and interventions. The user profile 
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of a sample client is shown in Figure 5.4, which would be viewable by the appropriate educator. 
Users can update their weight on the profile page, which is plotted (Figure 5.4a, red line) relative 
to their weight loss goal (Figure 5.4a, green line) to gain feedback on their progress. The right 
panel shows details regarding the user’s characteristics, energy needs, and goals (Figure 5.4b). 
Study design 
Local health educators practicing in a variety of specialties were recruited from the local 
area via email. Educators were contacted directly by the research team regarding interest in 
participating in a feedback study involving testing of software designed to assist education for 
diet counseling, provided with study details and expectations for participants, and asked to 
respond with their willingness to participate. Demonstrated willingness to participate in the study 
served as informed consent for participants. Recruitment was stratified throughout a 6-month 
period based on availability of participants. Due to the software being in such an early prototype 
stage, the panel was kept to a small sample size of test users (n=11). This sample size allowed 
detailed, qualitative feedback to be collected in the study to identify specific directions to make 
the prototype usable in a practical manner before moving to larger scale testing.  
 Those willing to participate were provided access to the FP2D web application then 
asked to enter sample dietary data, explore the capabilities of the website, simulate how its 
features may be used for dietary counseling and education both by the health professional and 
their potential clients. Instructions were provided which described the basic aspects and goals of 
the FP2D software. Instructions also included which details on each specific feature to be tested, 
at minimum, which included those features described above. Testers were asked to use the 
software for a total of four hours or until they were done testing each feature described in the 
instructions. Testers were also asked to record positive and negative experiences each time they 
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used the software application, which they emailed to the research team freely. This data served to 
inform the research team of which issues or bugs were causing testers issues or which features 
testers enjoyed using and why to support future software design decisions.  
Formalized quantitative and qualitative feedback was collected via a survey provided to 
participants after their testing was complete. The questionnaire included targeted feedback in the 
areas of usability (user interface, data entry, profile tools, navigation) and functionality 
(usefulness of current features, improvements to be made, helpful features not currently present 
on the software).  
For questions regarding usability, testers rated their level of agreement with phrases 
beginning with “It was easy to…” and ending with phrases identifying use of each feature of the 
software, such as “…find available features of the software” or “…enter or modify food data”. 
Possible responses for agreement with the phrases for usability included strongly disagree, 
disagree, neither agree nor disagree, agree, or strongly agree, which participants indicated by 
selecting the corresponding box on the survey (Appendix H). A total of 22 survey questions 
targeted the usability of the software which fell into subcategories including user interface, data 
manipulation, and user profile tools. Survey responses in the usability section which were 
answered with “not applicable” or “unable to test” were assigned a “strongly disagree” value to 
represent this feature being entirely unusable by the tester. 
To identify which features of the software were seen as most useful or least useful by 
testers, participants indicated the perceived usefulness of each software feature by selecting a 
numeric rating ranging from 1-5 in the functionality section of the survey, with 1 being less 
useful and 5 being more useful (Appendix H). A total of 17 features were included in this 
functionality section of the survey, which fell into the subcategories of nutrition plot features or 
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user profile features. Survey responses in the functionality section which were answered with 
“not applicable” or “unable to test” were treated as missing responses, as the tester was unable to 
evaluate the usefulness of that feature. 
After completing survey responses for each subcategory (e.g. data manipulation usability, 
nutrition plot features, etc), testers were able to record freeform responses to positive and 
negative experiences, suggestions, or other feedback they had specific to that subcategory. 
Questions were also included which asked which overall feature was the most difficult to use, 
which feature was the most useful, which was the least useful, and which features were not 
present that the tester would like to see implemented. 
Mean level of agreement or rating for each feature was determined for the group of 
testers for quantitative survey data to determine which features were seen as most effective as 
well as which features needed improvement or removal. Qualitative individual comments in the 
questionnaires were compiled and used to identify the most common issues with using the 
software to create a list of specific changes to be made to the software before testing the software 
in larger settings. This study was approved by the University of Illinois at Urbana-Champaign 
Institutional Review Board. 
Results 
A total of 8 of 11 of the recruited participants completed the study. The sample included 
inpatient and outpatient clinical dietitians, community educators, and nutrition education 
researchers. Seven of the 8 participants who completed testing were Registered Dietitians.  
Software usability 
The summary of positive and negative responses provided by participants for the 
usability portion of the survey is shown in Table 5.1. Overall, tester responses were positive with 
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regard to how easy the software was to use. Responses indicate the user interface was largely 
easy to navigate with the exception of feedback submission, which was not fully functional in the 
prototype software version being tested. Tooltips, which included descriptions of user profile 
aspects such as BMI as well as instructions provided when hovering over buttons on the 
software, were not regarded as easy to use or understand by users, as well. 
Nearly half of all responses provided were positive, compared with 30% and 22% of 
responses being negative and neutral, respectively (Table 5.1). The data manipulation aspect of 
the software was seen as the easiest to use, with 60% of responses being positive. Within this 
category, the fewest positive responses were provided for ease of navigating the database and 
selecting appropriate serving sizes. Responses indicate that testers found it easy to manipulate 
data after it was entered from the database, however.  
The majority of responses provided for ease of use of profile tools were negative (Table 
5.1). Two testers responded with “not applicable” for all statements within profile tool usability 
due to browser compatibility issues, which accounted for 50% of the negative responses within 
this category. Utilizing the weight chart of the user profile was seen as the most difficult 
software feature to use, with only one positive response for each question relating to its usability. 
Feature Functionality 
There were a total of 27 missing responses for the functionality; 9 were in the nutrition 
plot section, all provided by the same tester, while three testers were not able to provide an 
answer for any of the 6 questions regarding functionality of user profile features, accounting for 
the remaining 18 missing responses. 
 The core features of the FP2D software nutrition plot, including plotting foods instead of 
numbers to show nutrient content, showing meals as a combination of foods on the plot, and the 
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color coding of the graph to interpret nutrient content, were all ranked as useful features by 
testers (Table 5.2). A feature seen as less useful by testers included the ability to filter nutrition 
plot views based on color or time period, although 6 of 7 testers found the number of filters 
sufficient for their needs. Additional features seen as less useful by testers included using lines to 
visualize how foods combine to form a meal and the ability to save graphs as an image.  The 
participants who were able to complete testing of the user profile page (n=5) found the features 
useful, especially those which allowed them to interact with their clients and view client data 
(Table 5.2).  
Qualitative results 
While the qualitative feedback provided during the study varied highly from tester to 
tester, several themes were consistent among the testing group. Summaries of the narrative 
feedback provided by testers are presented below. 
  The primary innovation of the software, the visualization of dietary intake data, was 
largely well-received by testers. Five of the testers specifically noted liking the visualization of 
nutrient data and/or the color coding of the plot to interpret nutrient content. One tester noted 
“Visualization of intake using the graph is a novel and useful feature. It also provides an instant 
assessment of the quality of food.” Another noted “the nutrition plot made things very visual…I 
liked the visual features because it is helpful to put [information] in a new perspective”.  
 With regard to areas of improvement for the software, all participants noted difficulty in 
finding the appropriate foods in the database when entering foods. Identifying the correct food 
and/or appropriate serving sizes for that food were considered barriers to effective use of 
software by testers in every survey. These results are consistent with the quantitative data 
presented in Table 5.1. 
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 The second most common issue participants noted when testing was a lack of instruction 
or direction when using the website. Testers noted “I would like to see a client guide…” and “a 
tutorial on the website itself would be nice…to explain how to work the website and where the 
goals should be. Is the goal to have foods land in the green box? How do you set a weight loss 
goal/protein/fiber/calorie goal on the site?”, “I’m just not sure individuals would “get” the 
relationship of protein and fiber. Why only focus on these two food components? Maybe some 
sort of education piece throughout would be nice “. “No directions for clients or users” was listed 
as a weakness of the software. Overall, seven of eight testers specifically noted they would like 
to see more instructions or direction for website navigation and use.  
 In addition to most testers noting specifically that they would like to see instructions, six 
testers had related comments regarding the usefulness of software features that related to lack of 
understanding about the purpose of a feature or how to use it. One tester, who provided neutral 
responses for the usefulness of the graph in the quantitative survey portion, noted “I did not feel 
the plot was useful” and “With an explanation of what the foods, points, lines meant, it may have 
made the experience different”. Other tester comments included “I honestly do not understand 
how to achieve the goal target…” and “I don’t quite understand the nutrition plot or the color 
coding”. These comments support the need for more instruction and identified which features 
require the most in-depth explanations. 
 Similarly, while many testers listed the color coding of the plot as a positive feature, four 
testers noted that the color coding requires further description. One tester noted that clients may 
be confused by seemingly healthy foods, such as olive oil, falling into the red category and stated 
that a client guide explaining the color system would be useful to help clients understand why a 
food is red or yellow or green. Additional comments included “I would also explain what the 
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different colors mean on the graphs…green is good, but why is it good?”, and “[I] can’t decide if 
I like the red, yellow and green as I feel like it labels foods as “bad” or “good”.  
 Two testers mentioned that the weight loss chart seemed to be at too high of a reading 
level and/or hard to use, supporting the difficulty in usability of this feature seen in the previous 
section. Three testers said they would like to see a method of automating suggestions for users to 
improve their diet, such as foods that fall in the green area which are similar to foods the client 
consumed which fell into the red or yellow area. Finally, three testers noted that they would like 
to see a method of tracking exercise present in the software. 
Discussion & Future Directions 
The findings presented in this study are promising for using the method of graphically 
presenting nutrition information as an effective means of communicating dietary advice. 
However, the interface and features of the software surrounding the nutrition plot require 
revision for effective use in the target market. The bulk of issues testers had with using the 
software can be solved via improved instructions and directions when using the software, as 
noted by testers. These results can be primarily explained by the minimal interface of the 
prototype software, which contained all features but very little instruction regarding which 
features were present and how to use them. In addition, the instructions provided to testers listed 
which features to test, but did not list why certain features exist, also accounting for confusion 
when using the software.  
 The results from this study allow us to create a list of revisions to make the software 
functional for larger scale testing. The primary barriers revealed in the study include database 
navigation and entry, difficulty in use of client feedback and interaction tools, and usability of 
features in the user profile, especially the weight graph. As the entirety of the FP2D program 
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requires use of entered data, reducing data entry barriers is the main priority in software revision. 
While tracking weight and client feedback features were ranked as very useful by testers, both 
scored low in usability, supporting the need to improve the interface supporting these features.  
Although the confusion when using the software was frustrating to some testers, it 
provided targeted feedback to support the creation of an effective instruction manual. Tester 
feedback was incorporated into a user manual for the FP2D software which provides detailed 
instruction on how to use all features of the FP2D, especially those noted as confusing by testers. 
Examples of aspects included in the manual include a detailed description of the aspects of the 
nutrition plot, such as color coding and meal combinations, how to add, remove, or substitute 
foods from meals to fit the target area, suggestions for helpful foods to include in the diet, and 
step-by-step use of the user-profile features. 
 The next step of the project is to incorporate the planned revisions based on tester 
feedback into the software. Once the barriers of software use have been eliminated, larger scale 
software testing can be conducted before moving the software from the prototype stage to the 
functional stage. Once software testing is complete, the FP2D will be used in dietary intervention 
trials and become one of the few research-supported weight management software applications 
in existence. 
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Figures and Tables 
 
 
Figure 5.1. Home page of the FP2D website. a) Navigate to nutrition plot, where users enter 
consumed foods or meals, change details about meals, and view summaries of historical data. b) 
Navigate to user profile, where users edit account information such as activity level, weight, 
height, and weight loss goals, view client intake data, invite new clients, and view a weight 
record graph. 
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Figure 5.2. Nutrition plot of FP2D software. Foods are plotted based on fiber content per calorie 
(x axis) and protein content per calorie (y axis), with the dark green square in the center of the 
plot representing 1-2x the dietary recommendations for those nutrients. a) Weight loss target 
based on user’s calorie goals (lightly outlined square). b) selecting a meal allows users to c) enter 
data by selecting add food, which is then plotted on the chart as color coded data points. d) foods 
combine to form a meal. 
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Figure 5.3. Summary plot feature of FP2D showing all meals consumed for a week, where each 
meal is a data point. a) Users can choose to show data for a day, week, or month on one plot. b) 
Data can be shown as individual foods, meals, or daily intakes.  
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Figure 5.4. Client user profile of FP2D software. Users can see their weight loss summary as a 
graph comparing weight over time (red line) to the target weight loss goal (green line) (a) or 
view their characteristics and energy goals (b). 
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Table 5.1. Total number of positive, negative, and neutral survey responses 
provided for ease of usability of FP2D software features (n=8 testers). 
Usability ("It was easy to…") Positive 
responses
a
  
Negative 
responses
b
  
Neutral 
responses
c 
User interface* 16 6 18 
Find available features 5 1 2 
Navigate layout 5 1 2 
Compare foods on plot 5 1 2 
Submit feedback 0 1 7 
Use tooltips 1 2 5 
Data manipulation* 43 17 12 
Enter data 5 1 2 
Navigate database 2 5 1 
Find appropriate serving sizes 0 2 6 
Add foods to meals 8 0 0 
Edit/delete data 6 2 0 
Enter new foods 6 2 0 
View historical data 5 2 1 
Use summary reports 5 2 1 
Find saved meals 6 1 1 
Profile tools* 21 28 7 
View current clients 4 4 0 
View client histories 4 3 1 
Edit personal info 5 3 0 
Understand target calorie intake 3 4 1 
Understand weight loss goal 3 4 1 
Track weight over time 1 5 2 
Use weight graph 1 5 2 
    Overall usability summary (% of total) 80 (48%) 51 (30%) 37 (22%) 
a
 Sum of agree and strongly agree 
b 
Sum of disagree and strongly disagree 
c
 Neither agree nor disagree 
*Sum of responses for each feature within subcategory 
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Table 5.2. Mean ratings provided for degree of usefulness of FP2D software features 
(n=8 testers). 
Feature rated Mean  ± S.D.
a 
Nutrition Plot 3.8 ±1.3* 
Show intake as foods on plot instead of numbers 4.1 ±1.1 
Plot meals on chart 4.5 ±0.5 
Color coding of chart 4.4 ±0.8 
Circle size scale with calories content 4.0 ±1.0 
Show lines of foods connecting to meal 3.6 ±1.4 
View data summaries as foods, meals, or daily intakes 4.3 ±0.8 
Filter view by time period or plot color 3.7 ±0.5 
# filters for summary plots sufficient?
 
85.6
b
 
Summary information listed in right panel 4.1 ±1.2 
Save frequent meals 4.1 ±0.9 
Save graph as image 3.6 ±1.5 
Inclusion of two target boxes (weight maintenance and loss) 3.8 ±0.8 
User Profile 4.5 ±0.7* 
View current client list 4.8 ±0.4 
View client diet history 4.8 ±0.4 
Track weight over time 4.6 ±0.5 
Weight loss vs target in graph 4.6 ±0.5 
Estimated energy expenditure and calorie target values 4.6 ±0.5 
Weight loss goal shown as pounds/week instead of calorie deficit 
per day 
3.6 ±1.1 
  
Mean overall functionality  4.0 ±1.2 
a
 Ratings provided for usefulness of each feature range from 1 (least useful) to 5 (most useful) 
b Percentage of total respondents selecting “yes” 
*Analysis of responses for all features within subcategory 
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Chapter 6: Conclusions & future directions 
 
 
 
This research conducted as part of this dissertation has demonstrated that two-
dimensionally plotting nutrient content of foods per calorie relative to a target recommendation 
improves the usability of that information for decision making. The criteria and graphical 
presentation not only allow for many foods to be compared simultaneously in the same format, 
but also allows for the visualization of how foods combine to form a meal to place nutrition 
information into the context of a balanced diet. Nutrition information shown graphically was 
more effectively processed under time constraint than numeric information to a degree that leads 
to behavior change in a realistic setting. This research is one of the first to show an impact of 
nutrient-specific interpretation of nutrient content on behavior and the only method that presents 
“nutrients to increase in the diet” to guide users toward the best food choices. The method’s 
ability to spatially compare many foods at once provides great potential to support health-related 
food decisions in settings such as restaurants or cafeterias, although the tool may be impractical 
for uses such as food package labeling in its current form due to the size of the graph. However, 
it is possible that the method could be adapted to fit the scope of food labeling. In addition, the 
properties of the graphical tool show potential for use as a tool to assist dietary education.  
 Due to the properties of the graphical tool, its primary advantages lie in situations where 
it is important to balance two nutrients in the diet rather than attempting to communicate overall 
healthfulness of a food. Not only is the ability to spatially interpret nutrient content of foods 
inherently limited to two nutrients in a two-dimensional graph, but further addition of saturated 
fat and sodium showed no impact on purchasing of those nutrients in this work. Examples of 
health conditions where it may apply could be vitamin D and calcium for bone health or sodium 
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and saturated fat for heart health. A primary limitation of any method of presenting nutrient-
specific information to interpret food healthfulness is that presenting information for too many 
nutrients at once can become overwhelming. Thus, the approach of selecting the nutrients most 
relevant to a certain health condition may be appropriate for all methods of interpreting nutrient-
specific information.  
 A limitation of the work presented in this dissertation was that it was primarily conducted 
in university campus populations, whose education level is higher than that of the general 
population. However, the spatial presentation of nutrition information has the potential to be 
useful for low-literacy individuals, as well. Future work exploring the potential for this graphical 
method to improve the understanding of nutrient content for low-literacy populations is 
warranted. Examples of studies that could be conducted include signposting studies in fast-food 
restaurants located near concentrated populations of low-literacy individuals or qualitative work, 
such as conducting focus groups, to investigate whether the method would need to be adapted to 
this population before implementation and testing. Ultimately, it is critically important to 
measure behavior change in realistic settings as the primary endpoint in studies utilizing this or 
any other method of simplifying nutrition information. 
 The graphical tool was successfully developed into a tool that could be used to aid in 
communication of dietary advice between health practitioners and patients or clients. While 
initial feedback was positive regarding the usefulness of the FP2D’s primary features by health 
care providers, the software testing utilized a very early stage prototype that was difficult for 
testers to navigate. These limitations restricted the amount of testing that could be conducted 
using the early stage of the software. To gain a better understanding of the software’s potential in 
the target market, it must be revised based on the user feedback generated by prototype testing. 
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Once a revision to improve the software’s usability is completed, the revised software could be 
tested in a much larger number of individuals in order to obtain a more complete analysis of 
which software features are useful, which need to be refined, or which may not be present that 
need to be implemented. This cycle of repeated evaluation and improvement should be continued 
until the research team, developers, and/or a representative panel of health educators deem the 
software practical for its intended use. Once software development is finalized, it can be tested in 
a clinical trial to determine if a nutrition education intervention supported by the FP2D software 
leads to successful dietary change and successful weight loss. 
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Appendices 
Appendix A: Answer sheet provided to cued recall test participants 
  
Food Item Fiber (g)/100 kcal Protein (g)/100 kcal 
Ground Beef < ½       ½      Adequate      2x      >3x < ½       ½      Adequate      2x      >3x 
Chicken Strips < ½       ½      Adequate      2x      >3x < ½       ½      Adequate      2x      >3x 
Chicken Breast (skinless, baked) < ½       ½      Adequate      2x      >3x < ½       ½      Adequate      2x      >3x 
BBQ Pork Ribs < ½       ½      Adequate      2x      >3x < ½       ½      Adequate      2x      >3x 
Bacon < ½       ½      Adequate      2x      >3x < ½       ½      Adequate      2x      >3x 
Red Kidney Beans < ½       ½      Adequate      2x      >3x < ½       ½      Adequate      2x      >3x 
Skim Milk < ½       ½      Adequate      2x      >3x < ½       ½      Adequate      2x      >3x 
American Cheese < ½       ½      Adequate      2x      >3x < ½       ½      Adequate      2x      >3x 
Butter < ½       ½      Adequate      2x      >3x < ½       ½      Adequate      2x      >3x 
Low Fat Fruit Yogurt < ½       ½      Adequate      2x      >3x < ½       ½      Adequate      2x      >3x 
Plain Bagel < ½       ½      Adequate      2x      >3x < ½       ½      Adequate      2x      >3x 
Chocolate Chip Cookie < ½       ½      Adequate      2x      >3x < ½       ½      Adequate      2x      >3x 
Whole Wheat Bread < ½       ½      Adequate      2x      >3x < ½       ½      Adequate      2x      >3x 
Croissant < ½       ½      Adequate      2x      >3x < ½       ½      Adequate      2x      >3x 
Chocolate Doughnut < ½       ½      Adequate      2x      >3x < ½       ½      Adequate      2x      >3x 
Lettuce, raw < ½       ½      Adequate      2x      >3x < ½       ½      Adequate      2x      >3x 
Carrot, raw < ½       ½      Adequate      2x      >3x < ½       ½      Adequate      2x      >3x 
Green Pepper, raw < ½       ½      Adequate      2x      >3x < ½       ½      Adequate      2x      >3x 
Potato Chips < ½       ½      Adequate      2x      >3x < ½       ½      Adequate      2x      >3x 
Banana, raw < ½       ½      Adequate      2x      >3x < ½       ½      Adequate      2x      >3x 
Orange, raw < ½       ½      Adequate      2x      >3x < ½       ½      Adequate      2x      >3x 
Applesauce < ½       ½      Adequate      2x      >3x < ½       ½      Adequate      2x      >3x 
Blueberries < ½       ½      Adequate      2x      >3x < ½       ½      Adequate      2x      >3x 
Cheeseburger < ½       ½      Adequate      2x      >3x < ½       ½      Adequate      2x      >3x 
Chicken Sandwich < ½       ½      Adequate      2x      >3x < ½       ½      Adequate      2x      >3x 
Wheat Spaghetti w/Meat Sauce < ½       ½      Adequate      2x      >3x < ½       ½      Adequate      2x      >3x 
Pepperoni Pizza < ½       ½      Adequate      2x      >3x < ½       ½      Adequate      2x      >3x 
Vegetable Beef Soup < ½       ½      Adequate      2x      >3x < ½       ½      Adequate      2x      >3x 
Bean Burrito < ½       ½      Adequate      2x      >3x < ½       ½      Adequate      2x      >3x 
Peanut Butter and Jelly Sandwich < ½       ½      Adequate      2x      >3x < ½       ½      Adequate      2x      >3x 
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Appendix B: Calorie, fiber, protein, sodium, and saturated fat content of 
items offered during cafeteria signposting study 
Menu item Calories 
(kcal) 
Fiber 
(grams) 
Protein 
(grams) 
Sodium 
(milligrams) 
Saturated fat 
(grams) 
Daily offerings      
Asian salad 267 3 5 562 2 
Asian salad with chicken  396 3 29 693 2 
Caesar salad 362 4 10 591 6 
Caesar salad with chicken  491 4 35 723 7 
Carrot sticks with ranch dressing  283 3 3 569 5 
Fruit cup  71 2 1 11 0 
Grape cup  76 1 1 2 0 
Greek salad  310 5 16 1254 13 
Hummus platter 357 13 18 1085 2 
Mixed greens 18 1 1 8 0 
Yogurt parfait 278 3 7 119 1 
Week 1      
  Monday      
Italian Beef au jus on Ciabatta 503 2 34 1267 6 
Sweet and Sour Pork 541 2 29 1538 6 
3 Grain Veggie Sliders 648 10 23 1395 6 
Chipotle Chicken and Caramelized 
Onion on Ciabatta 
606 1 29 608 9 
Broccoli 19 2 2 15 0 
Green Bean Casserole 184 2 4 486 5 
Steak Fries 278 3 3 42 3 
Chocolate Bread Pudding 753 2 9 227 30 
Berries and Cream with Granola 507 4 5 350 15 
  Tuesday      
Carrot 51 3 1 65 0 
Chicken BLT on Ciabatta 648 2 40 1247 6 
Eggplant Parmigiana 554 9 20 1447 10 
Island Rice 251 3 6 163 5 
Jerk Chicken with Island Rice 509 3 42 382 6 
Potato Cheddar Crusted Cod Fillet w/ 
Lemon Aioli 
382 0 32 885 6 
Pumpkin Pudding Cake 378 1 3 157 9 
Roasted Brussels Sprouts 76 4 4 171 0 
Strawberry Chocolate Bar 509 1 5 298 20 
  Wednesday      
Cheesy Cauliflower 94 2 5 483 3 
Chicken and Noodles 809 5 26 1239 14 
Chocolate Brownies 497 3 6 261 12 
Japanese Pork Cutlet over Rice 612 2 18 1225 2 
Key Lime Pie 464 0 12 231 8 
Mashed Potatoes 160 2 3 472 1 
Peas 88 6 6 81 0 
Turkey Burger with Cilantro Mayo 713 2 37 1329 10 
Vegetarian Lasagna 556 9 36 1905 13 
  Thursday      
Beef Stew 685 1 25 1008 28 
Buttery Red Skins 160 2 3 472 1 
Cajun Shrimp and Sausage Bake 620 5 35 2223 14 
Cherry Cheese Bar 473 1 8 168 13 
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Corn 101 3 3 13 0 
Green Beans Almondine 136 3 4 40 3 
Manicotti with Spinach Cream Sauce 561 6 35 1242 15 
Mocha Cake 671 3 6 371 10 
Southwestern Black Bean Wrap 670 12 24 1640 11 
  Friday      
Black Bean Burger 522 7 15 1114 4 
California Blend 40 3 1 40 0 
Fish Sandwich (plain) 438 2 23 583 3 
Peanut Butter and Chocolate Pie 454 2 7 292 17 
Tropical Chicken Salad 725 4 22 515 18 
Turkey Meatballs and Spaghetti 588 4 34 1680 7 
Fries (meal) 159 1 2 100 1 
Fried Okra (meal) 176 3 2 218 1 
Fried Okra (side) 234 5 3 291 0 
Fries (side) 265 2 3 241 1 
Week 2      
  Monday      
Black and Creamy Blue Steak 
Sandwich 
702 3 44 1411 15 
Black Bottom Coconut Bar 504 4 8 221 13 
Butter Chicken with Rice 898 2 30 726 38 
Catfish Po Boy 708 4 24 1574 10 
Pesto Tortellini 779 3 34 1261 15 
Pound Cake with Berry Sauce 730 2 12 74 14 
Roasted Cauliflower 53 2 2 29 0 
Sweet Potato Fries 272 4 2 142 2 
Brussels Sprouts 47 4 4 33 0 
  Tuesday      
Cavatappi w/ Tomato, Spinach, 
Artichoke, and Parmesan 
627 12 25 1085 4 
Corn Casserole 322 2 3 170 16 
Salty Caramel Bars 457 3 4 928 6 
Sliced Pork Loin w/ Stuffing and 
Gravy 
735 3 44 1405 17 
Spicy Fish Tacos 692 6 33 1907 15 
Turkey, Mushroom, and Provolone 
Panini 
427 2 31 1467 5 
Potato Pancake 282 10 4 653 4 
Fruits of the Forest Pie 380 2 3 330 9 
Peas w/ Pearl Onions 88 6 6 81 0 
  Wednesday      
Chicken Kiev with Butter Parsley 
Sauce 
752 3 33 798 25 
Country Fried Steak with Gravy 689 2 28 1835 20 
Greek Chicken Pita 507 3 30 1320 8 
Indian Chick Peas & Rice w/ Tomato 
and Feta 
466 13 19 1520 9 
Mashed Red Skin Potatoes 160 2 3 472 1 
Mock Napoleon 600 2 6 609 16 
Rhubarb Crisp 566 4 5 5 6 
California Blend 40 3 1 40 0 
Green Bean Casserole 184 2 4 486 5 
  Thursday      
Asian Chicken Wrap 739 6 27 1230 9 
Caramel Cake 737 1 6 199 19 
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Lemon Bars with Blueberry Coulis 490 2 6 52 9 
Orange Chicken with Rice 537 1 26 1252 1 
Pork Schnitzel Sandwich 574 5 34 1920 3 
White Bean Chili in Bread Bowl 476 6 18 716 8 
Fried Rice 404 2 7 793 4 
Honey Carrots 160 3 2 154 5 
Broccoli 19 2 2 15 0 
  Friday      
Beef Burger with Bacon 804 1 49 758 20 
Black Forest Parfait 635 3 3 427 29 
Bow Tie with Mushroom Ricotta 
Sauce 
569 6 17 954 3 
Fish Sandwich 438 2 23 583 3 
Wax Bean Medley 47 3 1 20 0 
Grilled Portabella on Focaccia 511 3 24 931 12 
Fries (meal) 159 1 2 100 1 
Fried Okra (meal) 176 3 2 218 1 
Fried Okra (side) 234 5 3 291 0 
Fries (side) 265 2 3 241 1 
Week 3      
  Monday      
Carrot Cake with Cream Cheese 
Frosting 
547 1 5 152 9 
Chipotle BBQ Sauce 282 0 0 441 4 
Chicken Fingers 650 2 31 1606 4 
Creamy Brussels Sprouts 143 4 5 113 6 
Ham and Swiss Dijon Panini 349 4 22 934 7 
Peanut Butter Bar 601 1 5 184 15 
Tortilla Crusted Tilapia 373 2 37 879 3 
Vegetarian Japanese Curry 391 3 17 247 2 
Asian Blend 35 1 1 14 0 
Mashed Red Skin Potatoes 160 2 3 472 1 
  Tuesday      
Beer Battered Cod with Chips 453 2 20 664 5 
Buffalo Chicken Sandwich 743 7 37 1839 9 
Chicken and Green Chili Enchilada 
(no sour cream) 
848 9 44 2179 14 
Nutella Cheese Cake 777 2 12 422 25 
Spinach, Tomato, and Feta Quiche 404 1 22 749 18 
Strawberry Shortcake 714 3 9 85 31 
South of the Border Corn 131 3 6 989 1 
Pub Chips 133 1 1 4 1 
Bean and carrot medley 38 3.00 2.00 15.00 0 
  Wednesday      
Asian Catfish over Brown Rice 622 5 24 1387 8 
Balsamic Marinated Chicken 380 2 38 617 3 
Flourless Double Chocolate Pecan 
Cookies 
583 8 11 291 9 
Mashed Potatoes 160 2 3 472 1 
Pineapple Upside-down Cake 618 1 4 464 17 
Roasted Garlic and Asiago Stuffed 
Ravioli with Broccoli 
458 4 28 847 10 
Roasted Veggies 70 3 1 40 0 
Turkey Caesar Wrap 646 6 33 1402 7 
Peas 88 6 6 81 0 
  Thursday      
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Baked Shell Florentine 442 5 31 1533 11 
Banana Pecan Bread Pudding 495 3 13 495 7 
Chocolate Cream Pie 545 1 9 300 16 
Eggplant, Provolone, and Rst. Red 
Pepper on Brioche 
917 6 27 1856 17 
Fiesta Chicken 702 3 54 1699 16 
Mongolian Beef with Sticky Rice 585 3 34 2769 5 
Rice Pilaf 307 1 6 482 3 
Szechuan Snap Peas 51 3 4 311 0 
Cauliflower 23 2 2 29 0 
  Friday      
Black Bean Tacos 584 16 28 1703 8 
Fish Sandwich (plain) 438 2 23 583 3 
Gourmet Grilled Cheese 591 5 23 1143 15 
Polish and Kraut 420 3 18 2021 12 
Tiramisu Parfait 493 0 5 256 21 
Fries (meal) 159 1 2 100 1 
Fried Okra (meal) 176 3 2 218 1 
Italian Blend 50 3 1 71 0 
Fried Okra (side) 234 5 3 291 0 
Fries (side) 265 2 3 241 1 
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Appendix C: Examples of signposting methods used at point of purchase 
during cafeteria signposting study  
 
Nutrition Facts Panel signposting 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Graphical signposting  
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Appendix D: Graphical nutrition information presented during cafeteria 
signposting study for daily items and each day during the three week menu 
cycle 
Daily items (static on menu) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Week 1, Monday 
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Week 1, Tuesday 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Week 1, Wednesday 
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Week 1, Thursday 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Week 1, Friday 
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Week 2, Monday 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Week 2, Tuesday 
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Week 2, Wednesday 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Week 2, Thursday 
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Week 2, Friday 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Week 3, Monday 
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Week 3, Tuesday 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Week 3, Wednesday 
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Week 3, Thursday 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Week 3, Friday 
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Appendix E: Questionnaire provided to cafeteria signposting study 
participants 
 1.  On average, how frequently do you dine at 
Bevier Café? 
        3 or more times/week 
        1-2 times/week 
        1-3 times/month 
        Less than one time/month 
        This is my first visit       
 
 2.  What is your reason for dining with Bevier 
Café today? 
        Business/work-related 
        Celebratory occasion (i.e., birthday) 
        Lunch with friends 
        No specific reason       
 
 3.  What is your gender?  
        Male 
        Female 
 
4.  Please indicate your height and weight  
      Height: ______ 
      Weight: _______ 
 
 5.  What is your affiliation with UIUC?  
        Undergraduate Student 
        Graduate Student 
        Faculty 
        Staff 
        Other: ________________       
 
 6. What is the highest level of education you’ve 
achieved?? 
        Some High School 
        Completed High School 
        Some College 
        Completed College 
        Some Graduate School 
        Completed Graduate School      
 
 7. What is your age? 
       18-24 years old 
       25-34 years old 
       35-44 years old   
       45-60 years old 
       60 years or older   
 
 
8. What is your annual household income? 
      Less than $20,000  
      $20,000 to $39,999 
      $40,000 to $59,999 
      $60,000 to $79,000 
 
9. Do you agree or disagree that: I spend  
      time looking at nutritional labels while  
      shopping for my food?     
       Strongly agree 
       Somewhat agree 
       Neither agree nor disagree 
       Somewhat disagree 
       Strongly disagree   
 
a. When looking at nutrition labels 
while shopping for food, which items 
are the most important to you? 
(Rank top 3, 1 being most important) 
_ Calories _ Carbohydrates 
_ Total Fat _ Fiber 
_ Protein     _ Sugar 
_ Trans Fat _ Saturated Fat 
_ Sodium _ Cholesterol 
Other: _________________ 
 
10. Do you agree or disagree that: I am 
consciously monitoring my weight? 
       Strongly agree 
       Somewhat agree 
       Neither agree nor disagree 
       Somewhat disagree 
       Strongly disagree   
 
11. Do you agree or disagree that: I try to 
    monitor the number of Calories I  
    consume daily? 
       Strongly agree 
       Somewhat agree 
       Neither agree nor disagree 
       Somewhat disagree 
       Strongly disagree   
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 12. How many Calories do you believe you 
should consume per day, on average, to maintain 
your current weight? 
       0-500    2000-2500 
       500-1000   2500-3000 
       1000-1500   >3000 
       1500-2000 
 
13. Do you agree or disagree that: I thought  
      very hard about which menu item(s) I  
      selected today? 
       Strongly agree 
       Somewhat agree 
       Neither agree nor disagree 
       Somewhat disagree 
              Strongly disagree   
 
14. Which item characteristic is most 
      important when making a menu  
      selection? 
       Price  
       Anticipated taste  
       Healthfulness 
              Recommendations from a friend or  
              server   
 
15. Do you agree or disagree that: I valued 
having nutrition information signposted for the 
café’s foods? 
       Strongly agree 
       Somewhat agree 
       Neither agree nor disagree 
       Somewhat disagree 
       Strongly disagree   
 
16. Do you agree or disagree that: The 
signposted nutrition information influenced my 
purchase today? 
       Strongly agree 
       Somewhat agree 
       Neither agree nor disagree 
       Somewhat disagree 
       Strongly disagree   
 
17. Do you agree or disagree that: I am good  
      with numbers? 
       Strongly agree 
       Somewhat agree 
       Neither agree nor disagree 
       Somewhat disagree 
              Strongly disagree   
 
 
 
 
 
 
 
What did you order today (if receipt not included)?    
 
 
 
 
 
  
 
 
 
 
Additional comments on nutrition information format (Was it useful? Was it easy to understand? 
What was difficult/confusing, etc) 
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The following questions pertain to the graph foods were presented on today. 
1. Do you agree or disagree that: I understood 
the graph below? 
       Strongly agree 
       Somewhat agree 
       Neither agree nor disagree 
       Somewhat disagree 
       Strongly disagree   
 
2. Which of these items is low in sodium and 
high in saturated fat? 
       Jerk Chicken with Island Rice 
       Manicotti with Spinach Cream Sauce 
       Corn 
       Buttery Red Skins 
  
3. Which entrée is lowest in Calories? 
       Jerk Chicken with Island Rice 
       Manicotti with Spinach Cream Sauce 
       Southwestern Chicken Wrap 
       Cajun Shrimp and Sausage Bake 
 
 
 
 
 
 
 
 
4. Which food item is rated highest in protein? 
       Jerk Chicken with Island Rice 
       Cherry Cheese Bar 
       Southwestern Chicken Wrap 
       Corn 
 
5. Which food item is rated highest in fiber? 
       Jerk Chicken with Island Rice 
       Cherry Cheese Bar 
       Southwestern Chicken Wrap 
       Corn 
 
6. Which food would be the best choice to 
combine with Jerk Chicken with Island Rice to 
create a meal balanced in the target area of 
fiber and protein? 
       Cherry Cheese Bar 
       Cajun Shrimp and Sausage Bake 
       Corn 
       Buttery Red Skins 
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Appendix F: Multiple regression models tested for total calories ordered for cafeteria signposting study 
 
 
n=362 observations 
 a
 ranged 0 (low) to 16 (high) 
b
 compared to “value recommendation” and “value price” 
c
 compared to diners who were 18-24 years old 
d
 compared to “other”  
Parameter Model 
1   
Model 
2   
Model 
3   
Model 
4   
Model 
5   
Model 
6   
Model 
7   
 B  Std. Error 
p  B Std. 
Error 
p  B Std. 
Error 
p B Std. 
Error 
p B Std 
Error 
p B Std 
Error 
p B Std. 
Error 
p 
(Constant) 1052.7 119.4 0.00 1026.0 155.9 0.00 1074.0 121.4 0.00 984.9 118.7 0.00 982.7 82.8 0.00 1116.2 113.4 0.00 1058.8 119.3 0.00 
Graphical Signposting -121.0 40.6 0.00 -119.9 40.6 0.00 -132.4 42.3 0.00 -110.4 40.2 0.01 -114.1 40.1 0.01 -117.0 40.5 0.00 -122.2 40.6 0.00 
NFP 31.3 39.8 0.43 32.0 40.0 0.42 15.1 43.7 0.73 36.2 39.7 0.36 36.2 39.6 0.36 29.5 39.9 0.46 39.5 39.7 0.32 
Frequent diner -8.4 33.5 0.80 -9.1 33.5 0.79 -6.4 33.6 0.85 -8.6 33.4 0.80 -9.0 33.4 0.79 -4.5 33.4 0.89       
Female -125.0 33.4 0.00 -125.3 33.5 0.00 -128.2 33.8 0.00 -126.0 33.1 0.00 -128.3 33.0 0.00 -122.6 33.4 0.00 -128.5 33.4 0.00 
Overweight or Obese 65.9 34.9 0.06 66.4 34.9 0.06 66.5 35.0 0.06 63.8 34.1 0.06 61.6 34.0 0.07 73.4 34.5 0.03 56.2 34.9 0.11 
Considerable thought into 
purchase 
-46.5 38.0 0.22 -49.8 38.1 0.19 -41.5 38.4 0.28 -45.1 37.8 0.23 -43.6 37.7 0.25 -54.3 37.6 0.15       
Nutrition Interesta -18.3 6.2 0.00 -18.0 6.2 0.00 -17.2 6.3 0.01 -17.6 6.2 0.01 -17.7 6.2 0.01 -19.3 6.1 0.00 -20.8 5.9 0.00 
Value taste 80.8 51.4 0.12 75.4 51.6 0.15 81.3 52.0 0.12 73.3 51.5 0.16 77.6 51.3 0.13       85.9 51.3 0.10 
Value health 42.8 57.5 0.46 34.7 57.9 0.55 44.6 58.3 0.45 26.2 57.6 0.65 34.0 57.2 0.55       35.6 57.6 0.54 
Age 2 (25-34)
c
 44.8 52.7 0.40 36.0 53.3 0.50 40.7 53.2 0.45 15.5 46.2 0.74 38.0 41.0 0.35 51.7 52.6 0.33 42.0 52.9 0.43 
Age 3 (35-60)
c
 116.8 70.5 0.10 116.8 70.5 0.10 109.9 71.1 0.12 65.1 48.4 0.18 79.3 45.7 0.08 129.5 70.2 0.07 100.3 70.3 0.16 
Age 4 (60+)
c
 -9.5 91.8 0.92 -10.1 91.9 0.91 -22.3 92.8 0.81 -78.7 73.6 0.29 -55.8 70.1 0.43 -6.2 91.6 0.95 -6.2 91.9 0.95 
Undergraduate studentd 
-76.4 97.6 0.43 -34.9 104.2 0.74 -76.7 97.9 0.43             -71.6 97.7 0.46 -87.9 97.7 0.37 
Graduate studentd -56.7 84.7 0.50 -54.3 84.7 0.52 -53.5 84.9 0.53             -55.3 84.8 0.52 -67.8 84.8 0.43 
Facultyd -139.7 86.9 0.11 -147.6 87.2 0.09 -135.8 87.2 0.12             -139.7 86.8 0.11 -150.3 87.1 0.09 
Staffd -107.5 80.8 0.18 -94.9 81.4 0.24 -103.6 81.0 0.20             -107.4 80.8 0.19 -109.8 81.0 0.18 
College Experience       -12.3 100.2 0.90       -17.4 97.4 0.86                  
Graduate School Experience       44.1 107.9 0.68       29.2 99.0 0.77                  
Good with numbers             -39.9 40.6 0.33                        
                      
R2 0.171   0.176   0.173   0.167   0.162   0.164   0.167   
Adjusted R2 0.13   0.13   0.129   0.131   0.132   0.128   0.132   
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Appendix G: Nutrients ranked as most important when looking at nutrition 
labels by diners in cafeteria signposting study 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*Indicates nutrient was included in top three nutrients of importance by patrons when using 
nutrition labels for question 9a of the questionnaire provided in Appendix E. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Nutrient Percentage of people 
marking as important* 
Calories 71.2 
Fat 49.6 
Sodium 27.8 
Sugar 27.2 
Protein 24.9 
Saturated Fat 20.3 
Trans Fat 20.0 
Fiber 17.7 
Carbohydrates 17.7 
Cholesterol 10.6 
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Appendix H: Survey used in FP2D software evaluation 
 
Survey: Evaluation of FP2D diet tracking software 
Please evaluate the FP2D software by selecting a response to each question in addition to 
providing answers to the open-ended questions. Any feedback on your user experience, 
especially how the software could be improved, is very valuable to us! 
 
Usability 
Please use this section to focus specifically on user-friendliness of the FP2D software –save 
specific comments about the features for the Functionality section of the survey. Rate your level 
of agreement with each statement. 
User interface 
It was easy to… 
Strongly 
disagree 
Disagree 
Neither agree 
nor disagree 
Agree 
Strongly 
agree 
Find available features of the software ☐ ☐ ☐ ☐ ☐ 
Navigate the layout of the website ☐ ☐ ☐ ☐ ☐ 
Compare foods on the nutrition plot ☐ ☐ ☐ ☐ ☐ 
Submit feedback ☐ ☐ ☐ ☐ ☐ 
Use and understand feature tooltips ☐ ☐ ☐ ☐ ☐ 
  
Please provide information on any positive or negative experiences you had specific to user 
interface, including potential ways it could be improved. 
Positive 
 
 
 
 
 
Negative 
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Data manipulation 
It was easy to… 
Strongly 
disagree 
Disagree 
Neither agree 
nor disagree 
Agree 
Strongly 
agree 
Enter data (overall, rate specifics in 
cells below) 
☐ ☐ ☐ ☐ ☐ 
     Navigate food database to select a  
food 
☐ ☐ ☐ ☐ ☐ 
     Find appropriate serving sizes ☐ ☐ ☐ ☐ ☐ 
     Add additional foods to meals ☐ ☐ ☐ ☐ ☐ 
Edit/delete data ☐ ☐ ☐ ☐ ☐ 
Manually enter new foods ☐ ☐ ☐ ☐ ☐ 
View old data (saved meals, meals or 
summaries from previous days) 
☐ ☐ ☐ ☐ ☐ 
Create and view summary reports of 
dietary intake 
☐ ☐ ☐ ☐ ☐ 
Find saved meals ☐ ☐ ☐ ☐ ☐ 
 
Please provide information on any positive or negative experiences you had specific to data 
manipulation, including potential ways it could be improved. 
Positive 
 
 
 
 
 
Negative 
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Profile tools 
It was easy to… 
Strongly 
disagree 
Disagree 
Neither agree 
nor disagree 
Agree 
Strongly 
agree 
View your current clients ☐ ☐ ☐ ☐ ☐ 
View client diet histories ☐ ☐ ☐ ☐ ☐ 
For the following, envision their use by 
a client tracking diet data 
     
Enter/edit personal information ☐ ☐ ☐ ☐ ☐ 
Understand target intake ☐ ☐ ☐ ☐ ☐ 
Understand weight loss goal ☐ ☐ ☐ ☐ ☐ 
Track weight over time ☐ ☐ ☐ ☐ ☐ 
Utilize weight history graph  ☐ ☐ ☐ ☐ ☐ 
 
Please provide information on any positive or negative experiences you had specific to the user 
profile, including potential ways it could be improved. 
Positive 
 
 
 
 
 
Negative 
 
 
 
Overall usability evaluation 
Which features were the most difficult to use? If you have any suggestions on how to improve 
these features, please include them. 
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Functionality 
Please rate the usefulness of the following features included in the FP2D software from 1-5, with 
1 being the less useful and 5 being more useful. 
Nutrition Plot         less useful< ---------->more useful 
FP2D Feature 1 2 3 4 5 
Plot foods instead of only presenting numeric data ☐ ☐ ☐ ☐ ☐ 
Scale data point size to calories contained that data point ☐ ☐ ☐ ☐ ☐ 
Plot meals ☐ ☐ ☐ ☐ ☐ 
Visualize foods combining into meals as lines toward the meal 
data point 
☐ ☐ ☐ ☐ ☐ 
Save frequently used meals ☐ ☐ ☐ ☐ ☐ 
Color coding of graph to interpret nutrient content ☐ ☐ ☐ ☐ ☐ 
Filtering data on plot by plot color or time period (day, week, 
month) 
☐ ☐ ☐ ☐ ☐ 
    Was the number of available data filters sufficient? No  ☐  Yes  ☐ 
View data summaries as individual foods, meals, or daily 
summaries 
☐ ☐ ☐ ☐ ☐ 
Presence of both weight maintenance and weight loss target goal 
boxes on plot 
☐ ☐ ☐ ☐ ☐ 
Saving graph as image to show food comparisons to clients ☐ ☐ ☐ ☐ ☐ 
Summary information in the right panel of the screen (numeric 
information, meal /daily summary, daily target) 
☐ ☐ ☐ ☐ ☐ 
 
Which features of the FP2D Nutrition Plot do you think are the most useful? 
 
 
Least useful? 
 
 
 
 
Which features are not present that you would like to see implemented? 
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User Profile                                                                                           less useful< ---------->more useful 
FP2D Feature 1 2 3 4 5 
View current client list  ☐ ☐ ☐ ☐ ☐ 
View each client’s history ☐ ☐ ☐ ☐ ☐ 
For the following, envision their use by a client tracking diet data      
Track weight over time ☐ ☐ ☐ ☐ ☐ 
Compare weight loss to target weight loss rate in Weight History 
graph 
☐ ☐ ☐ ☐ ☐ 
Presence of both estimated energy expenditure and target calorie 
intake values for comparison 
☐ ☐ ☐ ☐ ☐ 
Communicating goals as pounds per week instead of using a daily 
caloric deficit goal 
☐ ☐ ☐ ☐ ☐ 
 
Which features of the FP2D User Profile do you think are the most useful? 
 
 
Least useful? 
 
 
 
Which features are not present that you would like to see implemented? 
 
 
 
 
 
Additional comments 
 
 
 
 
 
 
 
 
 
 
 
 
